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This  report  Is  a  final  suBnary  report  of  cootraet  actlvltlea  under 
United  States  Air  Force  Contract  AF  33(657)-3600  from  1  March  1962  to 
28  February  1963 >  as  required  by  contractual  agreaaent. 

Work  covered  In  this  report  vas  Initiated  under  contract  by  the 
Oaaan  Engineering  Branch,  Behavioral  Sciences  Laboratoxy,  Aerospace 
Medical  Research  Laboratories,  Wrlght-Patterson  Air  Force  Base,  Ohio. 

Ihe  work  tq)on  which  this  report  is  based  was  coopleted  at  the  faclll> 
ties  of  and  In  stqpport  of  the  activities  of  the  Control  Blenents  Research 
Branch  and  the  Control  Sjnathesis  Branch  of  the  Flight  Control  Laboratory, 
Directorate  of  Aeromechanics,  Aeronautical  Syetens  Division,  Wrlght- 
Patterson  Air  Force  Base,  Ohio.  Contract  AF  33(637)~d600  "Human  Bngi- 
neerlng  Support  to  the  Air  Force  Flight  Control  axtd  Flight  Display 
Integration  Program,"  stqpports  Task  619007  and  71573  both  part  of 
Project  6190. 

Mr.  J.  H.  Kearns  II  (aSIMCS)  was  the  Air  Force  Project  Engineer 
for  the  Flic^t  Control  Laboratory.  Technical  work  was  under  the  direct 
stQ)ervlsion  of  Aerospace  Medical  Research  Laboratory  representatives, 
Capt.  C.  E.  Waggoner  and  Dr.  D.  P.  Hunt.  Capt.  Waggoner  is  the  current 
Task  Scientist  as  Dr.  Bunt  has  left  the  eiqployment  of  the  Air  Force. 

Mr.  R.  W.  Obexnayer  and  Mr.  C.  A.  Qainer  served  successively  as  Prin¬ 
cipal  Investigator  for  the  Martin  Coogpany. 

Peortlcular  thanks  is  extended  to  Mr.  R.  R.  Davis  (ASIMCS-3)  whose 
Section  fabricated  and  supported  all  equipnent  which  was  used  for  the 
experimental  Investigations  conducted  during  the  tern  of  the  contract. 
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ABSTRACT 


Tbe  Martin  Conpany  provided  human  engineering  siqpport  to  a  niaaber 
of  Air  Force  programs  being  condndted  under  Project  6l90>  This  report 
is  a  final  suBnary  report  of  the  activities  from  1  March  1962  to 
28  Febroary  1963* 

nw  extent  of  task  activities  were  broad  in  sccqpe  and  qtiite  deverse 
in  subject  matter.  Menbers  of  the  groxqp  were  involved  in  research  pro¬ 
jects,  consulting  activities,  reviews  of  literature  and  methodological 
development.  Bach  of  these  kinds  of  tasks  SLre  briefly  reviewed  and  the 
topics  investigated  are  discussed. 

The  subject  matter  of  these  tasks  in  part  consisted  of  controller 
studies,  display  evaluations,  display  development,  perfoxmance  and 
opinion  measurement,  and  program  planning. 
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INTRODUCTION 


nils  paper  la  a  snnnary  r^ort  of  the  activities  of  Air  Force  Contract 
AF  33(6^7) -8600  froB  1  March  1962  to  28  Fehmary  I963*  Baaed  on  experience 
from  previous  contracts  in  snpport  of  the  Air  Force  Fll|^t  Control  and  Flight 
Display  Integration  Progran,  four  kinds  of  human  engineering  activities  are 
required  to  provide  sufficient  siqpport.  These  are: 

1.  Consulting  and  System  Team  Efforts 

2.  Reseeorch  and  Han-Machine  Systeau  Evaluations 

3^  Analytical  Study  and  Methodological  Tadcs 

k.  Technical  Presentations 

A  monthly  progress  report  was  Issued  which  described  the  activities  being 
conducted  tinder  each  of  the  above.  ^Ihis  progress  report  Is  separated  into 
four  major  sections  which  parallel  the  above  categories.  Ihls  report  will 
deal  with  the  oonsnlting  activities,  the  analytical  tasks,  and  the  evalua¬ 
tions  in  Section  II.  Section  III  will  show  the  relationsMp  of  the  type 
of  task  to  the  program  phasing.  All  technical  details  of  the  tasks  will 
be  OBd-tted.  For  this  kind  of  infomation  the  reader  is  referred  to  the 
appropriate  r^ort  which  was  issued  as  a  result  of  each  effort.  The  reports 
which  are  issued  from  this  contract  grotqp  fall  into  five  categories: 

l.  Human  Sigineering  Memorandum  Reports 

2.  Engineering  Reports 

3.  Aeronautical  l^stems  Division  Technical  Notes  and  Reports 

4.  Journal  Publications 

3*  Conference  Reports 

A  list  of  the  reports  issued  will  appear  in  Section  V  categorized  by  the 
first  four  of  the  above.  The  one  exception  is  the  conference  report  which 
is  only  for  the  purpose  of  reporting  daily  activities  and  meetings  of  con¬ 
sequence  which  need  to  be  documented.  There  is  no  technical  information  contained 
in  the  conference  r^orts,  but  are  for  the  purpose  of  recording  significant 
events  for  the  transmission  of  this  infomation  to  involved  personnel. 
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II.  CONTRACT  TASKS 
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Xask  Dimbers  were  assigned  to  tasks  of  sufficient  magnitude  and 
importance  to  warrant  a  major  effort.  The  foxnal  task  number  could  be 
assigned  as  an  outgrowth  of  axiy  one  of  the  four  categories  listed  in 
Section  I.  There  were  a  ntmiber  of  ways  in  which  task  assignments  can 
be  derived.  The  first  and  most  frequent  was  by  direct  request  of  support 
from  the  Flight  Control  Laboratory  and  by  agreement  of  the  project  engineer, 
the  task  scientist  and  the  principal  investigator.  A  second  method  of  task 
number  assignment  comes  from  the  internally  generated  hypotheses  which  were 
the  result  of  the  analytical  tasks.  A  third  method  of  nTad)er  assignment 
was  through  the  consulting  and/or  system  team.  In  all  cases  agreement  by 
the  project  engineer,  task  scientist  and  principal  investigator  was  needed 
before  nundter  assignment.  An  example  of  consulting  was  Task  Ho.  12,  Pilot 
Opinion.  Sxaiiq>le8  of  the  system  team  were  Task  Humbers  13 >  Nark  1V»B 
Controller  Study,  and  l6.  Profile  Measurement.  During  the  noznal  working 
cycle  a  certain  amount  of  effort  is  expended  in  support  of  programs  that 
are  too  brief  to  be  considered  for  a  task  number,  niese  will  be  summarized 
under  Consulting. 

The  tadoB  so  assigned  are  listed  below  and  will  be  described  briefly 
on  the  following  pages  of  this  Section.  By  virtue  of  the  method  of  assign¬ 
ment,  these  tasks  coupled  with  the  consulting  are  considered  to  be  the  ful¬ 
fillments  of  the  contractual  requirements  and  the  requirement  specified 
under  Project  6190.  The  items  in  Table  2  list  the  tasks  by  number  and 
their  title.  It  should  be  noted  that  some  of  these  efforts  are  carry¬ 
overs  from  the  preceding  contract,  AP  33(6l6)-T752.  Table  1  lists  the 
tasks  coogpleted  during  the  previous  contract  year  1  January  6l  through 
31  December  1962.  These  carry-over  efforts  were  of  sufficient  magnitude 
that  they  could  not  be  completed  within  the  confines  of  a  single  contract 
span  and  in  some  cases,  by  necessity  will  be  carried  into  the  next  contract 
period. 


Table  1 


List  of  Tasks  Conqpleted  During  the  Previous 
Contract  YearQ  1  January  1961  -  31  December  1962 


Task  Ho.  1 
Task  Ho.  2 
Task  Ho.  3 
Task  Ho.  k 
Task  No.  5*1 


Procedures  for  Inflight  Instrument  Evaluation 
Bye  Movement  Study 
Operator  Controls  Research 

Display  Assesoaent  -  A  Tool  for  Instrument  Design 

Honan  Biglneering  Support  to  Display  Design  of  the  Modified 

Phase  II-A  Altimeter 
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Table  1  •  eontlnaed 


Talk  Ho.  5*II.O 
Tbik  Ho.  $.n.l 

Tabk  Ho.  $.11.2 

Task  Ho.  5.II.3 

Task  Ho.  5. Ill 
Tadc  Ho.  6 

Task  Ho.  9 


Lear  Vertical  Veloelty  Radar  Altinijiter  Landing  Instraaent 
AutoBatle  Lateral  Control  Ryataa  for  IL8  Approaches  Using 
the  T-33 

Janes  Connally;  Antcsuitlc  Coavensatlon  for  Crosewlnd 

Dnrlng  ILS  Approaches  Using  the  T-33 

Feasible  Control  Dlq^lay  TechnlgaAB  foz*  1&  Hrent  of 

AotOBatlc  Landing  Uystsa  Failure 

Codgplt  Displays  for  All'4feather  Landings 

Slnlator  Test,  EoUinan  Urtn-Polnter,  Counter-Dma- 

Polnter,  and  Specialties  Altimeter s. 

Design  of  Digits  and  Coding  for  Flight  Displays 


Table  2 

Lift  of  Active  Tbsks,  Analytical  Tasks  and  Consulting  Tasks 
for  the  Contract  Year  fron  1  March  1962  -  28  Febmazy  I963 


Active  Tasks 


Task  Hb.  7: 
Tbsk  Hb.  8: 
Task  Ho.  10: 
TbSk  Ho.  11: 

Tbbk  Ho.  12: 
Tbbk  Ho.  13: 
Task  Hb.  l4: 
Tbsk  Ho.  1$: 
Task  Ho.  16: 
Task  Ho.  17: 


Task  No.  18: 
Analytical  Tasks 


Mark  IV-B  Dev^^pppaent 

Reference  File' for  Control-Display  Baglneers 
Three-Dlaension,  Voltnetric  Display  Investigation 
Transition  from  IFR  to  VFR  During  the  Approadt  for 
Landing 
Pilot  Opinion 

Mark  IV-B  Developnent  Prognua,  3*Azls  Controller 
Vbhlcle  Attitude  Controller  Problems 
Seale  Factors  for  Moving  Tbpe  Instruments 
Profile  Measuzement 

3-Axis  Controller:  An  Investigation  of  the  Hffeets  of 
Location  and  Position  Variables  upon  Tracking  Perfozmanee 
using  the  3-Axls  Contrbller 

Phase  in  Airspeed  Indicator  and  Altimeter  Investigation 


1.  Levels  of  Antcauttlon 

2.  Pictorial  Displays 

3.  Color  Coding 

4.  All  Attitude  Indicators  and  Attitude  Director  Indicators 
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Tftble  2  -  contlimed 


Consqltlng  ^sks 

1.  Planetarltm  and  Conqiact  Sinralator 

2.  Klcro-Vlslon  Display  System  Inrestlgatlon 
3«  Pbotochromle  Display 

b.  Tracking  Research 
Pilot  Factors  Program 
6.  Dyna  Soar  Slmnlatlon  Program 
7«  Straight  Scade  Bibliography 


Task  Ho.  5 •III*  Cockpit  Displays  for  All-Weather  Landings 

Prupose:  To  conduct  an  evaluation  for  an  in-house  study  of  three 
methods  for  the  display  of  absolute  altitude  infomatlon. 

Discussion:  As  a  result  of  common  Interest  in  all -weather  landings, 
there  was  established  a  project  agreement  between  FAA/BRD  and  AFSC.  Ibis 
agreement  provides  for  simulator  testing  of  three  panel  configurations 
which  are  designed  to  au^sent  landing  phase  instmiiientatlon.  This  program 
is  limited  to  state-of-the-art  equipment,  and.  Is  designed  to  evaluate  the 
perfoxmance  of  three  available  Instrument  configurations.  These  instruments 
will  present  In  different  display  forms:  (l)  absolute  altitude.  (2)  Instan¬ 
taneous  rate  of  sink,  (3)  altitude,  (4)  rate  of  dei^cent,  and  (^)  a  landing 
flare  shield. 

Status:  This  task  has  been  completed  in  the  form  of  an  Engineering 
Report,  Humber  12,446,  "Cockpit  Displays  for  All-Weather  Landln*' ,  by 
C.  A.  Gainer,  W.  L.  Welde  (Martin  Conpeusy)  and  R.  Monroe  (Lin}  dvislon, 
GPI),  May  1962. 


Task  Mo.  7!  Mark  IV-B  Development 

Purpose:  To  participate  in  a  team  effort  for  the  design  and  development 
of  an  advanced  aer*ospace  vehicle  control -display  system. 

Discussion:  This  will  be  a  program  requiring  participation  In  a  team 
effort.  Effort  under  this  project  will  consist  of  planning  the  htaoan  factors 
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activities  for  the  Nark  IV  PrograK,  and  defining  and  oatllnlng  hoMun  factors 
prohlen: areas  vhlch  reqnire  analytical  and/or  egcperlaental  effort.  As  proib- 
lea  areas  are  defined,  they  will  be  given  a  separate  task  title  and  farther 
voxk  viU  be  conducted  under  the  assigned  task  title. 

Status:  A  study  of  the  S'sxls  plesoelectric  controller  has  been  coa- 
pleted  (Task  13:  Nark  IV-B  Develqpaient  Prograa,  3*Axls  Controller).  Ihis 
activity  is  being  followed  by  a  aore  extensive  study  as  to  the  best  loca¬ 
tion  of  the  controller.  Three  positions  will  be  studied  and  for  farther 
detail  refer  to  Task  Ho.  17:  3'*Axls  Controller:  An  Investigation  of  the 
Effects  of  Location  and  Position  Variables  iqpon  Tracking  Peirfoxvance  using 
the  S-Axls  Controller. 

Additional  effort  has  been  spent  in  the  display  requirenents  associated 
with  the  eoclgplt  layout.  Of  prlaary  concern  was  the  photoehrasd-c  display. 
The  other  display  has  not  been  specified  in  detail  and  there  will  be  an 
enphasis  on  the  displays  during  the  next  year. 

Rq^orts  Issued  that  are  directly  assocated  with  this  task:  Nenorandm 
Report  62-1. 

Task  Ho.  Reference  Pile  for  Control -Display  Rwgtneers 

Purpose:  To  define,  to  study  and,  to  isgilement  a  system  providing 
ready  access  to  Infoxnation  necesseury  for  all  phases  of  control-display 
engineering. 

Discussion.  It  is  necesscoy  to  first  specify  the  categories  of  infor¬ 
mation  desired,  the  scope,  form  and  desired  accessibility,  etc.  Having 
this  degree  of  definition,  one  may  logically  proceed  to  a  method  of 
implementation . 

Status:  One  cong)lete  set  of  cards  has  been  made  tgi  for  231  reports. 
These  cards  are  filed  in  seven  different  categories: 

1.  Accession 

2.  Author 

3.  Contract 

b.  Project 

Contractor 

6.  Government  Agency 

7.  Title 
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A  snbjeet  file  which  is  the  tiltiaate  ohjectlwe  of  this  task  has  not 
been  ipeelfled.  Woik  vlU  eootiime  on  the  categorlsatloa  of  reports 
amd  when  the  sobjeet  file  has  been  settled  tpon  this  viU  he  iaeor- 
porated  into  the  file. 


TSsk  do.  10:  Three-Dimensioa.  Volqaetric  Display  Inwestlgation 

Purpose:  To  plan  and  conduct  an  analytical  and  eaqpirlcal  investi¬ 
gation  of  a  three-dlnension  VDluaetrlc  dlq^lay  in  order  to  point  up  the 
lialtatlons,  design  paraaeters,  and  potential  uses  of  the  display  technig,ue. 

Discussion:  Haklng  the  assrnption  that  a  three-dimensional  volumetric 
''dlkpley  develf^ed  hy  ITT  is  representative  of  tiie  elas8>  an  investigation 
will  he  conducted  to  derive  useful  information  about  three-dlaen  sLonsJ.  dis¬ 
plays.  By  means  of  a  combined  analyticsO.  and  egpirlcal  approach,  it  is 
hoped  to  derive  information  relevant  to:  (l)  types  of  broad  classes  of 
information  amenable  to  three-dimension  display;  (2)  effect  of  two-dimension 
display  principles  with  a  three-dimension  display;  (3)  special  chsometeristies 
of  the  display  elements  of  a  three-dimension  display;  (4)  the  integration  of 
a  three-dimension  display  with  other  Information  displays.  While  an  extremely 
long  research  program  is  usually  necessary  to  acccaplish  such  ambitious  goals, 
it  is  hoped  to  design  a  comparatively  cospact  Investigation  idd.ch  will  yield 
eiqploratory  but  useful  Information. 

Status:  Approximately  8o^  of  the  literature  relative  to  the  S-D  volu¬ 
metric  dlspl^  has  been  reviewed;  the  remaining  reference  material  has  been 
requested  from  ASTIA.  Pertinent  psychophysical  variables  have  been  studied, 
and  their  physical  limits,  as  they  relate  to  this  display,  have  been  ascer¬ 
tained.  Consideration  has  been  given  to  the  application  of  this  instrument 
with  reject  to  air  traffic  control,  aircraft  and  space  vehicle  missions. 
Moreover,  some  of  the  required  research  problems  associated  with  the  use 
end  application  of  the  3-D  display  have  been  scrutinized.  A  written  r^ort 
will  be  Initiated  aifter  the  final  research  literature  is  received. 


Task  Wo.  11:  Transition  from  IFR  to  VFR  During  the  Approach  for  Landing 

Purpose :  To  investigate  what  should  be  done  to  solve  some  of  the 
problems  associated  with  IFR- VFR  transition. 

Discussion:  Since  little  is  known  about  the  problem  area  it  will 
be  necessary  to  conduct  an  emalytlcal  search  of  the  llteratuze.  In 
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addition,  tbe  methodology  for  analysis  and  synthesis  of  the  vast  body  of 
literature  must  be  developed  and  necessary  areas  for  future  research  pointed 
out.  This  would  lay  the  foimdatlon  for  an  ongoing  program  of  research. 

Status:  This  task  has  lain  doiment  for  most  of  the  contract  year 
availing  manpower  availability. 


Task  No.  12:  Pilot  Opinion 

Purpose:  To  improve  current  evaluation  measuresient  by  exploring  and 
developing  techniques  for  eliciting  valid  and  relial^e  pilot  assertions. 

Discussion:  This  task  is  an  expression  of  the  hope  that  the  set  of 
evaluation  criterion  possible  throuf^  system  performance  measurement  may 
be  augsented  by  measurement  through  the  hosan  operator.  For  exanple,  one 
mlj^t  expect  that  the  following  Itesis  of  valuable  Information  might  be 
obtained  frcm  experlnced  operators: 

1.  User  acceptance 

2.  Design  advice 

3.  Operator  task  analysis 

U.  system  performance  evaluation 
Fidelity  of  the  system  test 

6.  Recording  of  unexpected  events 

The  problem  is  —  as  is  often  the  case  with  tests  involving  honmn 
operator  —  to  obtain  data  which  are  related  to  the  desired  sieasnrement. 
In  short,  it  is  desired  to  achieve  valid  measurements.  A  program  in  the 
area  of  pilot  opinion  measurement  must  necessarily  be  based  primarily  on 
(a)  the  ability  to  recognize  'valid'  measurement,  and  (b)  developsent  of 
appropriate  measuraaent  techniques  to  collect  valid  measurements  in  a 
stable  and  reliable  way. 

Thus,  the  program  under  Task  12  consists  of  two  parts: 

A.  Pilot  Opinion  and  Validity 

B.  Pilot  Opinion  Questionnaire  Development 

Status:  This  task  will  continue  to  command  time,  some  promising 
questionnaire  techniques  have  been  uncovered  and  are  being  developed. 

For  more  specific  detail  the  reader  is  referred  to  Martin  Engineering 
R^ort  12,4^,  Cockpit  Displays  for  All-Weather  Landings,  Memorandm 


9 


R^rt  Ho.  62-2,  Revision  of  Work  Statement  Concerning  the  IhTestlgatlon 
of  the  High  Angle  Letdown,  Omni -Angle  Technique,  Memorandoai  nsport  Ho. 
62-8,  Results  of  Scnantlc  Differential  and  Questionnaire  used  In  the 
Investigation  of  Micro-Vision,  Meaorandvn  R^ort  Ho.  62-10,  Sasmary  of 
the  Results  of  the  Questionnaire  used  during  the  Inflight  Ivaluatioa  of 
the  Pilot  Orientation  Instronent  (Llfesaver) . 

The  validity  part  of  "A"  Is  In  the  fona  of  a  paper  which  is  In  pr^- 
aratlon  and  Is  awaiting  edl toiled  coanent  from  a  nuMber  of  Journals. 


Task  Ho.  13:  Mark  lY-B  Development  Program  3-Axls  Controller 

Purpose:  (l)  to  provide  data  for  the  further  design  and  devslppaMoi 
of  a  3-axis  controller  for  the  Meork  IV  vehicle!:  ^  (2)  To  provide  Informatlm 
for  the  design  and  fabrication  of  a  control  system  for  the  Mark  IV  vehicle. 

Dlsucsslon:  Initially,  it  was  conceived  that  an  evaluation  of  the 
3-axls  controller  in  cosqparlson  to  the  standard  control  stick  would  be 
tmdertaken.  However,  due  to  difficulties  In  the  controller  Itself,  this 
study  was  not  begun.  Instead,  it  has  been  decided  that  more  information 
concerning  gains  for  pitch  and  roll,  and  other  properties  of  the  controller 
need  to  be  known  before  any  evaluation  cu  be  undertaken.  The  present  con¬ 
troller  study  is  Intended  to  furnish  data  concerning  (l)  preferred  gains 
and  control  ranges,  (2)  cross-eocpllng  effects,  (3)  the  effects  of  subject 
body  dimensions  and  the  seating  arrangement.  It  Is  hoped  that  Information 
from  this  study  will  be  of  value  in  the  design  and  fabrication  of  a  control 
system  for  the  Mark  IV-B  vehicle.  Further,  It  Is  anticipated  that  this 
study  will  be  the  first  step  in  a  continuing  program  for  the  investigation, 
study,  and  development  of  force  stick  controllers.  For  further  information 
concerning  this,  the  present  study,  see  MR  61-24,  dated  30  Hovember  I961. 

Status:  Since  the  completion  of  data  collection,  favorable  progress 
has  been  made  in  statistically  emalyzing  the  performance  data.  To  date, 
six  partial  hierarchical  emalysls  of  variance  procedures  have  been  com¬ 
pleted  for  the  error  (e)  ai:d  error  squared  (e^)  data.  In  the  analysis, 
tracking  performance  ^s  been  assessed  as  a  function  of  method  of  choosing 
gains,  method-derived  gains,  magnitudes  of  gains,  and  single  versus  dual 
axis  tracking.  Further  analyses  are  currently  being  undertaken  to  asses 
apparent  interactions  found  in  the  preliminary  analyses.  Ho  analysis  of 
cross-coupling  or  anthropometric  factors  has  been  attaq;)ted. 

Steps  have  eilso  been  taken  toward  conqpletlng  the  engineering  report 
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for  Talk  13 •  To  date,  a  se«urch  of  pertinent  literatnre  has  beea  under¬ 
taken.  The  aetbod  section  of  the  report  has  been  eoaqpleted  in  first 
draft  fox*,  and  those  portions  of  the  results  section  pertaining  to 
siibJeet-derlTed  gains  hare  been  eoopleted.  It  is  anticipated  that  vlth 
the  coapletlon  of  statistical  treataent  of  the  perfozaance  data  close 
at  hand,  that  an  engineering  report  vlU  follow. 


Task  No.  Vehicle  Attitude  Controller  Problems 

Purpose:  (l)  Identify  aeaningfnl  probleas  related  to  vehicle  con¬ 
trollers  and  to  establish  their  relative  laportance.  (2)  Bstabllsh 
boundaries  and  constraints  defining  where  aeaningfnl  work  ccm  be  accom¬ 
plished.  (3)  Detexalne  suitable  approaches  to  these  problems.  (4) 

Cflsqpare  the  required  program  thus  deteralned  to  the  state-of-the-az^ 
to  deteznine  what  must  be  done. 

Discussion:  Since  the  hauun  operator  in  a  manHsachine  system  is 
obviously  limited  by  the  controls  through  which  he  is  required  to  respond, 
there  is  little  reason  to  doubt  that  this  area  is  one  which  could  profitably 
stand  attention.  Further,  since  evidence  exists  that  the  effects  of  con¬ 
troller  peurameters  are  a  function  of  the  infozmation  displayed  and  the 
manner  of  display,  the  vehicle  dynamic  parameters,  and  the  environment, 
especially  g's  and  vibrations,  it  is  strongly  suspected  that  this  problem 
area  nay  be  one  of  the  most  cosqplicated  of  those  involved  in  nannaschlne 
systems.  An  abxmdance  of  Jusltlfl cation  exists  for  the  conduct  of  a  well- 
thonght-out  program,  however,  to  the  best  of  our  knowledge  no  such  program 
exists.  The  following,  therefore,  are  some  recommexidations  for  the  estab¬ 
lishment  of  the  essential  characteristics  of  the  needed  program. 

As  the  task  title  Indicates,  to  channel  efforts  one  can  profitably 
concentrate  on  the  difficult  problem  of  vehicle  attitude  control;  it  is 
hoped  that  a  svdtable  adaptation  will  be  possible  to  other  controller 
areas. 

In  the  following  is  indicated  an  approach  to  the  problem,  but  as  in 
most  problem-solving  tactics,  one  must  allow  considerable  freedom  to  take 
advantage  of  problem  specifics  as  they  become  known,  and  also,  the  follow¬ 
ing  procedure  may  be  one  which  eJJLows  successful  interaction. 

1.  Conduct  a  review  of  the  available  literature.  This  could  be  a 
huge  task,  but  it  is  Intended  here  only  to  prepeo*  the  individual 
for  the  following  steps.  Some  good  reviews  az*  in  existence 
(Muckier,  I96O;  Bell  Aerospace,  I96I)  and  it  should  be  possible 
to  efficiently  use  these  as  a  starting  point. 


11 


2.  Fozvalate  a  tentative  program  outline  and  program  goala.  This 
shonld  Include  fruitful  controller  principles  for  exploration  > 
controllers  for  development  and  evaluation,  establlshaent  of 
criteria  and  techniques  for  subsequent  measurement.  Foaaibly 
at  this  time  an  adequate  case  can  be  presented  to  Justify 
lomedlate  work  on  the  development  of  methodology. 

3.  Update,  and  by  visitation,  suBBarlze  current  natlon-vlde  activi¬ 
ties.  Possibly,  vists  may  be  made  to:  Bell -Aerospace,  Chance- 
Vought,  Boeing,  Ames,  NASA.,  NcDotmell,  North  American,  Martin, 
and  others. 

4.  With  the  guidance  of  FCL,  design  a  program  which  will  lead  to  the 
goals  of  FCL,  and  indicate  which  of  the  proposed  programs  have 
been  done,  is  being  done,  and  resuins  to  be  done. 

5.  Sample  from  the  accepted  program  those  pieces  of  work  which  can 
most  appropriately  be  aceompllshed  by  the  Martin  Hunan  Xnglneerlng 
Orovp. 


Status:  The  importance  of  this  task  is  obvious,  but  due  to  it's  nature 
and  the  lack  of  immediate  application  to  our  current  priority  work,  it  has 
rnnained  inactive  awaiting  manpower  availability. 


Task  No.  13:  Seale  Factors  for  Moving  Tape  Instruments 

Purpose:  To  define,  study,  and  iBq;)lement  a  program  on  scale  factors 
for  moving  tape  instruments. 

Discussion:  It  is  proposed  to  conduct  a  study  on  scale  factors  (major 
Interval  markings  per  inch)  for  moving  tape  Instraaents.  The  study  would 
be  ceonrled  out  in  two  phases:  (a)  Static  Display  suod  (B)  Dynamic  Tracking 
Situation.  It  is  expected  that  the  results  will  yield  a  family  of  curves 
depicting  (1)  residing  error  vs.  scale  length,  (2)  residing  error  vs.  rate 
of  tape  aiovement,  and  (3)  residing  error  vs.  scsile  length  and  rate  of  tape 
movement. 

Bxperimentsil  scsdes  will  be  Constructed,  3  types  with  vertlcsd  orien¬ 
tation,  and  3  with  horlzontsd  orientation.  Variables  to  be  investigated 
will  include  scale  factors,  spacing  of  minor  gradxiatlon  marks,  number  of 
digits,  rate  of  tape  movement,  instrument  orientation,  and  instructions 
to  the  subject,  however,  these  are  subject  to  change  when  the  experiments^, 
design  is  completed. 


12 


Status:  A  voik  statement  for  Scale  Factors  for  Moving  Itape  Instroments 
was  Issued  as  MR  62«9.  A  program  has  l)een  laid  out  in  2  phases  —  (a)  Static 
Legibili'^  Investigation,  and  (B)  Dynamic  Tracking  Situation,  for  the  purposes 
of  identifying  those  scale  variahles  that  affect  the  up^ed  and  accuracy  of 
reading  moving  tape  instruments.  The  work  statement  provides  in  detail  the 
experimental  design  for  Phase  A.  At  present,  equipment  fabrication  is  approx¬ 
imately  coqpleted  for  the  Static  Legibility  Investigation.  Photographing 
of  the  tapes  is  in  the  final  stages,  and  work  will  begin  on  the  binding  of 
the  7^  slides  required. 

One  hundred  and  fifty  college  students  are  being  secured  as  subjects. 

It  is  anticipated  that  the  data  collected  from  Phase  A  will  be  available 
in  June,  1963  for  the  writing  of  the  final  r^ort. 


Task  Ho.  16:  Profile  Measurement 

Purpose:  To  provide  data  coneeming  a  proposed  descent  and  land  profile 
after  re-entry  of  the  Mark  IV-B  vehicle  utilizing  the  Rypersonlc  MB-1  space 
simulator. 

Discussion:  From  this  task  will  evalve  an  experimented  study  for  pur¬ 
poses  of  investigating  the  following  problems: 

1.  Can  the  descent  profile  be  flown  as  it  presently  exists  to  permit 
the  space  vehicle  to  reliably  effect  a  safe  approach  emd  leuidlng? 

2.  If  the  existing  profile  does  not  result  in  consistent  performance 
of  the  flight  task,  what  alterations  should  be  instituted  to 
achieve  the  optimum  descent  profile? 

3.  What  e^ditional  cockpit  instrumentation  and  controls  eoe  essential 
to  sliqpllfy  the  pilot's  task  of  information  integration  and,  thus, 
enhance  the  probability  of  a  safe  approach  and  landing? 

4.  In  flying  the  profile,  what  are  the  quantitative  values  of  the 
more  inportant  flight  parameters  daring  each  phase? 

Data  from  this  tadr  will  be  used  to  update  the  vehicle  characteristics 
section  of  the  Mlsslon-Equlpment-Functlons-Task  (MEFT)  analysis  shown  in 
Martin  MfWoranda  Reports  61-20  dated  31  October  I96I,  and  62-1  dated  12 
January  1962. 

Status:  Installation  of  the  required  equlpiMnt  items  in  the  Rypersonic 
ME-1  simulator  and  checkout  of  all  associated  systems  for  the  study  continnes. 
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Pre-«xperiMnt«l  work  it  realittlctlly  Jodctd  to  eowMoee  in  tb«  first  vttk 
of  Ntrch,  1963  vith  tht  aetosl  txptri— atsl  ttttions  to  follow  i^pproociasttly 
three  weeks  later*  A  description  of  tbs  profile  nnder  inwesticatiOB  and 
the  Banner  in  which  the  stoiy  will  ho  conducted  to  evaluate  this  task  it 
iMikillllsd  in  Martin  NMorandua  Report  taiber  63-2,  Work  Stateatat  for  Nark 
IT-B  Profile  Neasureaent  T^ak. 


Task  Ho.  17:  Three-Axis  Controller:  An  Investigation  of  the  Rtf  acts  of 
Lo^ti<m  and  Position  Viarlables  upw  Tracking  l^ex^oraanwP 
Oeing  the  Three-Axis  (Sooiroller 

Purpose:  To  provide  data  conceming  the  effects  of  position  and 
location  variahles  tpon  tracking  perfomance  using  the  three-ascis  con¬ 
troller.  Infoxaation  obtained  froa  this  task  will  aid  in  deteraining 
what  the  optiBnB  mounting  location  and  the  vertical  angle  for  the  controller 
should  be.  Also;  it  is  anticipated  that  this  study  will  provide  aore  basic 
data  conceming  the  influence  of  these  variables  upon  perfomance. 

Dismssion:  UUder  this  task,  the  three-axlk  controller  will  be 
aounted  xn  three  or  four  locations  in  coabinatim 'with  three  or  four 
vertical  angles.  Using  a  standard  gain  setting  for  all  sxibjeets,  the 
subjects  will  perfom  a  tracking  task  consisting  of  tracking  ILS  needles 
on  a  standard  ADI  for  all  possible  coaibinations  of  vertical  angles  and 
locations.  Measures  of  display  error  (e  and  e^)  and  stick  output  will 
be  taken  for  purposes  of  date  analysis. 

Status:  A  work  steteaent  (Martin  Neaorandxm  Report  63-3)  in  in  prepa¬ 
ration.  Bssentially  the  saae  basic  equipaent  which  was  used  in  perfoming 
Task  No.  13  will  be  utilized  with  aodifications  being  required.  In  order 
to  sapedite  equipment  fabrication  a  preliainary  working  docuaent  was  pub¬ 
lished  for  use  by  the  engineers  concerned  with  the  study.  A  tiae  schedule 
showing  the  events  and  tiae  required  to  accosplish  these  events  will  be 
iacluded  in  the  work  steteaent. 


Task  Ho.  18:  Phase  III  Airspeed  and  Altimeter  Investigation 

Purpose:  To  evaluate  the  new  developments  in  the  Phase  III  Airapeed 
and  Phase  III  Altiaeter  as  to  how  they  affect  pilot  perforaance  in  flying 
Instruaents. 

Discussion:  The  development  of  the  Phase  III  vertical  tape  airspeed 
Indicator  and  altiaeter  has  evolved  froa  the  Phase  II  vertical  tape  instm- 
aents.  The  new  developments  are  proposed  to  improve  pilot  control  of  the 
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paraa«t«rs  displayed  ob.  these  instments*  Since  both  the  Phase  II  and 
Phase  III  instnaaents  are  available,  it  wonld  be  highly  desirable  to 
Investlgatd  the  capabilities  of  the  Phase  III  Instrcaent  twlng  the  Phase  n 
Instnaentb  as  a  standard.  Utilizing  a  slanlator  and  a  scoring  systea,  a 
rlgorons  fhll  nlsslon  profile  nay  be  flown  by  a  saaple  of  pilots  and  then 
perfonance  using  the  Phase  II  and  Phase  III  Instments  nay  be  analysed. 
Snch  a  procedure  would  provide  inf ornation  regarding  pilot  perfonaance 
using  those  instrunents  and  provide  an  opportunity  to  gather  subjective 
data  (questionnaires)  conceimlng  pilot  attitude  toward  the  new  instruaents. 

Status:  A  detailed  work  stateaent  describing  the  method  of  evaluation 
has  been  published  (Memorandum  Report  63-^) .  ^e  initial  contacts  have  been 
made  for  the  planning  of  the  program  cmd  it  is  understood  that  the  instru¬ 
ments  will  be  available  shortly.  It  is  anticipated  that  the  ME-1  slanlator 
will  be  used  as  the  test  equipment  and  the  emslog  coBqputers  will  be  used 
as  the  measuroient  equipment. 
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III.  CONmCT  PROGRAM  PHASES 
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As  has  been  done  in  the  pest,  the  Martin  Honan  fcgineezlng  Sopport 
Groop  has  participated  in  four  distinct  kinds  of  actiTlties  in  sopport 
of  the  Flic^t  Control  Laboratory*  These  are  as  previonsly  stated: 

1.  Consnlting  and  Hystm  Teens 

2.  Besearch  and  Hvalnati<m  Activities 

3*  Analytical  Study  and  Methdological  Tasks 
t.  Technical  Presentations 

It  has  been  our  erperience  that  the  best  progran  should  consist  of  proper 
proportions  of  each  of  the  above.  These  phases  do  not  occur  in  temporal 
sequence  rather  they  run  concurrently  as  part  of  an  integrated  progran. 
This  section  will  be  devoted  to  show  how  each  of  the  taudu  described  in 
the  previous  section  fit  into  the  four  activities. 


Cmsnlting  and  Sjyaten  Teams 

The  auaount  of  consnlting  activity  was  liadted  due  to  the  eaiphasis  of 
the  direct  reseaorch  activity,  the  participating  in  design  teaas  and  the 
anount  of  analytical  work. 


Consulting 


VQiile  there  were  a  limited  number  of  consulting  activities  per  se, 
the  topics  covered  were  broad.  Almost  all  the  consulting  activity  was 
limited  to  stqpport  of  Project  619O  and  the  Flight  Control  Laboratogi^. 

In  general  consulting  tasks  performed  were  short  in  duration  auod  were 
performed  within  tight  time  restraints.  A  list  of  the  topics  which 
were  covered  by  our  consnlting  activities  were: 

1.  Bibliographies 

2.  Questionnaires 

3.  Control  Evaluations 

4.  Display  Evaluations 

5.  Program  Planning 


System  Team 

This  activity  was  not  as  apparent  in  the  types  of  reports  issued 
but  still  played  an  aqphatic  role  in  the  overall  program.  The  presence 
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of  taaan  factors  sogineers  as  part  of  the  developsient  tean  vas  apparent 
in: 


1.  Task  Mo.  7:  Mazk  IV-B  DeTBlopaent  Prognua 

2.  Task  Mo.  13:  Mark  IV-B  DeTSlopaent  Prograa,  3-Axla  Controller 

3.  Task  Mo.  l6:  Profile  Measorenent 

4.  MR  62-10:  ScDBury  of  the  Results  of  the  ^estloonaire  used 
during  the  Inflight  Eralnation  of  the  Pilot  Orientation 
Instmaent  (LifesaTer). 

MR  62-11:  Scoring  Systssi  Retulreaents 

Within  each  of  these  efforis,  a  considerable  range  and  type  of  support 
was  provided.  For  specific  problens  that  were  encountered  the  Eiaan 
Factors  team  mendier  did  the  following  types  of  tasks : 

1.  Literature  review 

2.  Questionnaire  development 

3.  Instrument  design  recosaiendatlons 

4.  Bxperimental  design 
3.  Beta  analysis 

During  the  course  of  a  system  team  project,  human  engineers  ssMMvihnte  ^ 
to  the  problen  solution  through  a  close  association  with  sF*tem  enginM|||rs, 
control  system  engineers,  maintenance  an^i^l^tallatlon  personnel,  dlsp&y 
engineers,  measurement  and  calibration  personnel,  simulation  engineers, 
and  fli^t  test  engineers  and  project  pilots. 


Research  and  Bvalnation  Activities 


Perhaps  the  most  important  function  of  a  human  engineering  groTqp 
in  the  atqpport  of  a  design  cuid  development  effort,  is  the  ability  to 
apply  experimental  techniques  to  the  solution  of  practicailL  problems. 

In  a  problen  area  where  little  is  usually  known  and  generallzatioo  is 
always  hazardous,  the  experimental  approach  frequently  appears  to  be  the 
only  safe  approach.  On  the  other  hand,  the  complexities  introduced  by 
the  human  subjects  in  an  experimental,  system  are  such  that  bias  auad  dis¬ 
tortion  of  «Bfei!lmental  results  is  quite  possible.  ConclusicHis  which  are 
a  direct  result  of  the  system  parameters  under  study  can  be  obtained  only 
thiron^  caoefnl  experimental  design.  It  is  for  these  reasons  that  the 
conduct  of  am  experimental  program  is  considered  extremely  critical. 
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Doriog  the  coarse  of  the  contract  year,  8  research  prograas  and  evalu¬ 
ations  were  Initiated,  and  are  now  In  various  stages  of  eo^xstlon: 


1.  Task  No.  13: 

2.  Task  No.  1$: 

3.  Tahk  No.  l6: 
k.  Ttisk  No.  17: 


3.  Task  No.  18: 

6.  MR  62-2: 

7.  MR  62-5 : 


8.  MR  62-10: 


Mark  IV-B  Developaent  Progran  3*Azls  CcmtroUer 
Seale  Factors  for  Moving  TIape  Instnaents 
Profile  Measurement 

Three-Axis  Controller:  An  Investigation  of  the 
Effects  of  Location  and  Position  Yazlahles  upon 
Tracking  Perforaance  Using  the  Three-Axis 
Controller. 

Phase  III  Airspeed  Indicator  and  Phase  III  Altimeter 
Investigation. 

Revision  of  Work  Stateorant  Concerning  the  Investi¬ 
gation  of  the  High  Angle  Letdown,  Onml-Angle  Technlq.ue 
Work  Statement:  Investigation  of  the  Relationship 
between  Split-Axis  Control  and  Task  Load  for  the 
High  Angle  Letdown,  ILS  Approach  to  Touchdown. 

StasBary  of  the  Results  of  the  Questionnaire  used 
During  the  Inflight  Evaluation  of  the  Pilot  Orien¬ 
tation  Instxment  (Llfesaver). 


It  Is  evident  that  these  programs  represent  a  wide  scope  of  research 
Items.  Simulator,  Inflight,  questlonnalze ,  and  static  display  techniques 
are  represented. 


Analytical  Study  and  Methodological  Tasks 

During  the  contract  period,  a  number  of  tasks  were  attempted  on  a 
non-esqplrlcal  basis.  These  included  literature  surveys,  establishment 
and  extrapolation  of  state-of-the-art,  attes^ts  to  predict  requirements 
and  the  development  of  methodology. 

Inflight  Evaluation.  Based  on  a  great  deal  of  experience  with  Inflight 
evaluation,  two  of  tkese  were  undertaken  and  completed  during  the  contract 
period  (Memorandum  Report  62-8,  Results  of  Semantic  Differential  and  Ques¬ 
tionnaire  used  In  the  Investigation  of  Micro-Vision,  and  Memorandum  Report 
62-10,  Smaaary  of  the  Results  of  the  Questionnaire  used  during  the  Inflight 
Evaluation  of  the  Pilot  Orientation  Instrument  (Llfesaver). 

Questionnaire  Development.  This  is  Task  No.  12  and  was  for  the  purpose 
of  the  development  of  techniques  for  the  extraction  of  reliable  pilot  opinion. 
The  task  was  defined  In  detail  In  Section  II. 


19 


other  anelytlcel  auad  oethodologicel  tasks  being  conducted  were  pre¬ 
viously  defined  in  Section  II  and  will  not  be  repeated.  However,  it 
should  be  pointed  out  that  this  type  of  task  was  one  of  the  aost  inportant 
perfoxned.  In  every  case  a  great  deal  of  knowledge  was  derived  add  this 
activity  also  provided  inf ozeatlon  con^mlng  aany  kinds  of  future  research 
requirenents.  Continued  eeiphasis  will  be  placed  in  the  developnent  of 
nethods  and  the  analysis  of  problen  areas. 


Technical  Presentations 


One  of  the  prlae  reaponsibllltlee  of  a  Hasan  Haglneering  Technical 
Oroqp  shoold  be  the  edueation  of  their  engineering  eonntetparts  in  the 
methods  and  techniques  of  their  specialty.  Eoiual  technical  presenta¬ 
tions  were  one  way  for  this  activity  to  be  conducted.  Although  there 
were  a  limited  number  of  the  formal  presentations,  the  day  to  day  and 
week  to  week  interaction  was  a  more  informal  method  in  providing  this 
stppoi^* 

The  following  are  the  formal  preeentations  given: 

1.  Nr.  James  E.  Brown  presented  a  paper  entitled,  "Familiarity  and 
Novelty  of  Stimulus  and  Response  Terms  in  Paired-Associate  Learning”,  to 
the  Southeastern  Psychological  Association  at  Louisville,  Kentucky. 

2.  An  Infonnal  briefing  was  given  to  members  of  the  FAA/BRD  and 
FAA/naFBC  10  Nay  1962  on  "Cockpit  Displays  for  All-Weather  Landings", 
by  C.  A.  Gainer. 

3.  A  presentation  was  given  on  27  July  1962  to  Nr.  Claus  G.  Splndler 
and  Dr.  Belmnth  Hanger  of  Nlnneapolls-Honeywell,  Doemlghelm/Hanau,  Germany 
concerning  the  Hark  IV-B  Program.  Primary  purpose  of  the  briefing  was  to 
present  the  visitors  with  information  concerning  the  3-Axis  Controller 
study  although  the  discussion  was  not  limited  to  this  topic. 

4.  On  l8  October  1962,  at  the  request  of  Nr.  E.  Wsurren,  Nessrs. 
William  Khowles,  William  Elkins,  and  Stem  Roscoe  (Hughes  Aircraft)  were 
briefed  on  the  3-AxiB  Controller  study  now  being  conducted  by  the  Nartin 
Grotp.  Isnediately  following  the  briefing,  the  visitors  were  given  a 
tour  of  the  simulation  facility  where  other  aspects  of  the  Mark  IV-B 
Program  were  discussed. 


20 


5*  At  the  request  of  Mr.  Mel  Snyder  (ASBS3DP),  a  tour  of  the  elan- 
lation  facility  vas  given  to  Dr.  Don  Haines  (ASBSZP)  on  3  October  1962. 
Ihe  purpose  of  the  tour  vas  to  familiarize  Dr.  Haines  vlth  the  types 
of  projects  that  are  currently  being  perfomed  at  the  facility. 

6.  A  presentation  vas  made  to  nine  maabers  of  the  Bdvards  Aerospace 
IllC^t  School.  The  presentation  vas  on  the  actlTltles  of  our  groiq>  and 
how  ve  fit  into  the  Flight  Control  Laboratory  Program.  The  following 
pepple  participated  in  this  briefing.  Messrs.  C.  Semple,  W.  Welde, 

J.  Brown  eod  C.  A.  Gainer  of  the  Martin  Conqpany,  and  Major  D.  M.  Sorlle, 
Major  B.  F.  XhoUe,  Lt/Cdr.  C.  Blrdvell,  Major  C.  C.  Bock,  Major  J.  F. 
Currie,  Capt.  W.  T.  Tvlnting,  Capt.  R.  V.  SMlth  and  Major  R.  H.  McIntosh 
of  AFFTC-FTTA. 


Analytical  Tasks 

1.  Levels  of  Automation:  Frequently  in  the  past,  the  pilot's 
control  mode  has  been  considered  to  be  one  of  two  modes  —  manual  con¬ 
trol  or  autopilot  flight.  Techniques  have  developed  so  that  today 
virtually  a  continuum  exists  from  manxial  to  full  automatic  control, 
and  in  vehicle  control,  the  extremes  are  usually  considered  inferior 
alternatives.  In  this  era  of  stqper  and  hypersonic  cosqplex  weapon 
systems,  and  today's  missile  Air  Force,  the  roles  of  men  euid  machines 
are  extremely  varied  and  intertwined. 

Obviously,  a  frequent  question  is,  "What  is  the  optiisam  man-machine 
combination?”  A  great  deal  of  heated  debate  has  taken  place,  but  it  seems 
that  reedly  quite  little  is  known  about  the  answer  to  this  question.  In 
practice,  it  seesis  usually  easy  to  provide  a  mnltl-mode  system  — 
it  easy  for  one  to  assert  his  preference.  While  this  seems  sensible  and 
abvlsable,  the  system's  modes  that  are  conveniently  provided  are  probably 
only  a  few  of  the  infinity  that  could  come  under  consideration.  It  is 
usually,  however,  only  in  terns  of  available  system  modes  that  one  is 
able  to  define  the  tezm  "levels  of  automation". 

Status:  A  working  paper  has  been  drafted  which  deals  with  this  prob¬ 
lem  analytically.  There  are  some  obvious  research  projects  which  will  be 
an  outgrowth  of  this  effort.  The  rqport  is  being  edited  and  will  be 
re-written. 


21 


2.  Pictorial  Plsplaya:  At  the  present  tlae,  a  great  deal  of  Interest 
is  being  ■hown  in  the  dev^op«ent  of  pictorial  naTlgation  dlq^lagrs.  Several 
of  these  instmaents  already  exist,  and  it  is,  therefore,  felt  that  an  exaal- 
nation  of  this  foxn  of  navigation  infoxaatlon  is  warranted.  Soae  of  the 
potential  nses  of  snch  displays  are  in  enronte  navigation,  adtemate  re¬ 
entry  sites,  tenainal  navigatian,  re-entxy  profile  and  since  a  display 
screen  is  nsnally  provided,  the  possibility  exists  to  tlae-share  other 
Infoxvatloi,  e.g.,  checklists.  While  it  seeas  highly  desirable  to  obtain 

a  display  capable  of  aany  nses,  the  most  apparent  need  for  pictorial  navi¬ 
gation  rests  in  the  complex  traffic  control  problem  and  the  definite  need 
for  an  acenrate  position  indicator. 

Some  preliminary  work  concerning  pictorial  navigation  displays  has 
been  performed  and  the  area  certainly  appears  worth  further  study. 

Status:  A  collection  of  pertinent  material  has  been  coaqpleted. 

3.  Color  Coding:  With  the  increasing  cosqplexity  of  displays  and 
controls  with  wblcb  pilots  must  cope,  the  use  of  color  deserves  consider¬ 
ation  as  a  means  of  task  simplification  and  snbsequent  proiBotion  of  per¬ 
formance  and  accuracy  increases.  However,  the  use  of  color  as  a  neems 

of  facilitating  the  stimulus  discriminations  and  response  differentiations 
imposed  tqpon  pilots  has  not  been  treated  extensively  in  the  literature. 
Several  studies  have  undertaken  the  determination  of  the  maximum  number 
of  colors  dlscrlmlnable  on  an  absolute  basis,  however.  The  ntnber  appears 
to  be  somewhere  between  five  and  nine,  a  surprisingly  small  number. 

Some  of  the  pertinent  variables  influencing  color  discrimination  are: 

(1)  Nnmber  and  hues  of  colors  employed 

(2)  Chronmtlc  coBq>osltion  of  light  source 

(3)  Intensity  of  light  source 

(4)  Saturation  of  hues 

(^)  ^I^e  of  illumination  eoployed,  i.e.,  ambient  as  opposed 
to  self  generating 

(6)  Distance  of  viewer  from  colored  area 

(7)  Size  of  colored  ecrea 

(8)  Visual  angle  subtended  by  the  colored  area 

Any  of  the  variables  mentioned  above  could  eidversely  affect  the  use 
of  color  as  a  coding  device  in  aircraft  instruments  or  on  aircraft  controls. 
It  is  suggested,  however,  that  with  the  discovery  of  ph-^tochromstic  phosphors 
which  will  make  possible  colored  radar  presentations  tmd  in  light  of  the 
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Ineraasiog  pot«atial  need  for  farther  facilitation  of  dlecrlBlnation 
aaong  controls  and  dlaplaya,  that  a  review  of  the  available  Uteratnre 
on  color  dleerlalnation  and  color  coding  be  ondertaken.  The  purpose 
of  the  review  would  be  twofold.  First,  the  review  would  result  In  the 
ecnpilation  of  an  annotated  blbllograpbor  of  the  available  literature 
pertinent  to  color  coding  in  general.  Second,  such  a  review  of  the 
literature  should  result  in  the  development  of  generalisations  and 
specific  "do's"  and  "don'ts”  in  the  area  of  color  coding.  n>e  review 
could  attesqpt,  therefore,  to  establish  the  Btate>of-the-art  of  color 
coding.  The  results  of  the  review  should  also  prove  highly  useful  as 
a  general  guide  for  the  preliminary  assessment  of  new  innovations  regarding 
the  color  coding  of  instruments  and  controls. 

A  review  of  the  literature  in  this  area  for  large-board  display 
systems  will  soon  be  available. 

Status:  The  collection  of  review  material  has  been  conqpleted  and 
the  write-TQ?  is  awaiting  manpower  availability. 

h.  All-Attitude  Indicators  and  Attitude  Director  Indicators.  TOie 
purpose  is  to  determine  what  are  the  design  features  of  all-attitude 
Indicators  (AAI)  and  attitude  director  indicators  (ADI)  which  optimize 
man  •machine  performance. 

(1)  To  evaluate,  summarize,  and  report  the  adequacy  of  the 
enplrlced  research  which  has  indicated  some  of  the  optimal 
design  features. 

(2)  If  no  en^lrlcal  determinations  have  been  made  with  regsod 

to  whether  certain  design  features  are  pptliiial  —  (a) 

To  conplle  es^lrlcal  evidence  from  related  research  areas 
-  so  as  to  generalize  to  the  particular  feature^srs^mptimal 
design,  and  to  suanarlze  in  report  form,  (b)  To  suggest 
research  evaluation  methodology  on  particular  design  fea¬ 
tures,  and  to  carryout  eoid  report  these  studies  which  can 
aid  in  determining  the  design. 

Sight  major  topic  areas  have  been  delineated  each  concerning  differ¬ 
ent  design  features  of  AAI  and  AZ>I  displays  and  in  which  various  amounts 
of  satirical  knowledge  have  accusmlated  with  rmspect  to  the  design.  These 
are: 
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(1)  Dial  size,  ahape,  lighting,  warning  signals,  aircraft 
syabols,  rates  of  needle  displacement,  direction  of  needle 
movement,  and  size  of  lines,  letters,  and  maibers  are  bnt 
a  few  of  the  basic  features  which  sh^l  be  considered.. 

(2)  The  background  design  is  another  feature  to  be  considered. 

(3)  Cluttering  or  how  much  other  Information  should  be  dis¬ 
played,  within  limits  shall  be  considered. 

(U)  Whether  qualitative  or  quantitative  Information  should 
be  displayed. 

(^)  Different  modes  of  attitudinal  information  display,  such  as 
the  Peripheral  Command  Indicator  (PCI),  whan  be  considered. 

(6)  Considerations  of  the  methods  to  represent  the  three  dimen¬ 
sions  of  attitude  shall  be  made. 

(7)  The  problem  of  pilot  reference,  l.e.,  "fly-to"  or  "fly-from", 
shall  be  considered. 

(8)  Ihe  overall  efficiency  of  presently  manufactured  displays  as 
far  as  precession  error,  ease  of  aidjustlng  the  display,  etc., 
shall  be  considered. 

Status :  A  litearaAmte'  search  and  review  covering  all  eight  topics  ^ 

has  been  planned  and  Is  In  progress.  An  outline  of  these  eight  topics 
In  more  detail  than  presented  here  has  been  psrq^ared. 

(1)  A  brief  literature  review  concerning  the  basic  problem  of 
the  optimal  size  of  these  displays  has  been  pjrepared. 

(2)  Indications  from  this  brief  review  etre  that  an  c^tlmal  size 
has  not  been  eoplrlcally  Investigated  and  Is  unknown. 


Consulting  Tasks 

1.  Planeterlum  and  Compact  Simulator:  The  simulation  facility  is 
Interested  in  determining  the  best  use  for  the  coopact  simulator  and 
planetarium  as  a  research  tool.  A  preliminary  literature  search  has  been 
accomplished  to  determine  what  has  been  done  using  such  devices.  The 
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conventioiul  h»an  etiglneering  literattire  soorces,  Jotmuils,  ASIIA  pvbli- 
eatioas,  «tc.,  produced  no  appliea'ble  pi^eri  for  the  novel  eonftlnatlon  of 
a  aianlator  and  planetarimt.  Several  prelialnarjr  Ideas  have  been  eomsldenid: 

(1)  Investigating  the  nse  of  the  star  pattern  as  ones  of  attitude. 

(2)  Investigating  effects  of  a  conflict  between  cockpit  displays 
(attitude  ball)  and  the  extra-cockpit  cues  (star  pattern). 

(3)  Investigating  pilot  ability  to  detect  targets  in  a  stso: 
field. 

(4)  IFR-?FR  Transition. 

nie  above  are  the  first  thouj^ts  said  need  ouch  acre  refining  and  are 
all  siibject  to  change.  A  rough  draft  of  a  research  progran  for  the  cospact 
slnmlator  and  planetarium  will  be  avllable  by  15  March  1963* 

2.  Micro- Vision  Display  System  Investimtion.  The  Flight  Control 
Laboratory  investigated  a  developsMntal  nl|^i  landing  display  by  Bendlx. 

The  system,  using  micro-wave  transmitter  placed  beside  a  runway,  like 
runway  llt^ts,  displayed  dots  on  a  CUT  in  the  cockpit  that  corresponded 
to  the  runway  lights  as  seen  at  nl^^t.  ^  pattern  of  these  dots  changed 
as  the  pattern  of  runway  lights  during  a  night  landing.  This  display  was 
proposed  to  aid  instrument  approaches. 

Ihe  Micro-Vision  display  systaa  was  Installed  in  a  C-131  for  Inflic^t 
investigation.  Pilot  subjects  were  selected  from  Cargo  Operation.  It 
was  the  Martin  Conpany's  responsibility  to  develop  a  briefing  for  pilot 
subjects  to  standardize  the  Investigation  procedure  and  to  develope  mean¬ 
ingful  questionnaires  to  access  pilot  attitude  toward  the  system.  This 
was  acccnpllshed  (MR  62-8).  IQie  results  of  the  investigation  suggested 
that  the  Micro- Vision  System  has  potential  .and  should  be  further  developed. 

3.  Photoehimic  Displayii!  At  the  request  of  ASBMCE-3  a  study  was 
made  of  the  applications  and  research  required  for  the  Photochromic 
Displcor  which  is  to  be  used  in  the  Mark  IV-B.  The  results  of  this  are 
reported  in  MR  63'’1. 

4.  Tracking  Research .  Pulse  Modulation:  At  the  request  of 

Dr.  D.  Hunt,  MitPBP,  consideration  was  given  to  problem  areas  in  vehicle 
control  systems  where  the  operator  is  in  control  of  some  parameters  in 
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a  pnlse  oodtilatad  eyatam;  for  exaaple,  the  thmst  oat^nt  of  a  reaction 
control  systea  might  take  the  form  of  a  aeries  of  throat  hnrsta  vhere  the 
operator  controla  the  aaqplitnde,  or  frequency,  or  pulse  width,  etc.  Fur¬ 
ther  consideration  shall  he  given  to  define  potential  work  areas  of  the 
Martin  Human  Engineering  Orotq^. 

5.  Pilot  Fy tore  Program.  This  task  ia  now  a  contract  in  itself 
and  was  carried  during  tm  early  months  of  Contract  AF  33(657)^00  as 
a  consulting  task.  This  was  the  planning  stages  of  the  study  of  the 
split-axis-forced-wheel  control  system  which  is  being  investigated  in 
detail  at  Instmment  Pilot  Instructor's  School,  San  Antonio,  Texas,  hy 
the  Martin  Coopany.  Related  reports  are  Memorandtaa  Report  62-2,  Revision 
of  Work  Statement  Concerning  the  Investigation  of  the  High  Angle  Letdown, 
Omni -Angle  Technique,  auad  Memorandum  Report  62-5,  Work  Statement:  Inves¬ 
tigation  of  the  Relationship  between  S^llt-Axls  Control  and  Tadc  Load  for 
the  High  Angle  Letdown,  ILS  Approach  to  Touchdown. 

6.  Dyna  Soar  Simolation  Progam.  Consulting  services  were  rendered 
to  provide  preliminaxy  recommendatlims  for  the  Dyna  Soar  Dynsmlc  Simula¬ 
tion  program  concemlng  (1)  retponse  measures  for  magnetic  tape  storage, 
(2)  phase  I  of  data  reduction,  (3)  suggested  minimal  dynamic  simulation 
run  conditions,  and  (h)  preliminary  suggestions  for  the  procedure  of  the 
actuail  run  sequence. 

7.  Straight  Scale  Bibliogiraphy.  A  bibliography  of  straight  scale 
instrumentation,  including  botn  horizontal  and  vertical  instrumentation, 
was  prepared.  For  coaqparative  purposes,  a  selected  list  of  reports  con¬ 
cerning  circular  scaling  also  was  Included.  (See  MR  62-3) 
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Ibe  general  eneceea  of  the  progreM  end  the  fnlflUneBt  of  eontreetors 
coeBltaeiite  is  hesed  npon  the  degree  to  which  qualified  personnel  are  avail¬ 
able.  Daring  the  contract  year  the  following  personnel  have  been  esployed 
by  Martin  and  have  been  directly  associated  with  the  contract  activity. 


Thble  3 

Sable  of  Personnel 

Part-Tine  Associated  with  Contract  Corrent  Staff 

Bat  Not  for  Present 

R.  W.  Obemayer  J.  E.  Brown 

W.  F.-Swarts  C.  Crisp  (Secretary) 

0.  Eryin 
C.  A.  Gainer 

B.  J.  Kelso 
W.  K.  McCoy 

M.  McMillen  (Part-Tine) 
F.  Mollen 
M.  Narva 

C.  A.  Semple 
W.  L.  Velde 
R.  Yodia 

Malkin,  Yonng,  and  Doncaa  were  tesporary  enployees.  Secretarial 
sopport  was  providd  by  Mrs.  Crisp  and  Miss  McMillen.  All  other  per¬ 
sonnel  with  the  exception  of  Mr.  Obemayer  az«  presently  esployed  in  a 
technical  capacity,  althoogh  Nr.  Dalhaaer  and  Mr.  Swarts  are  sogployed 
in  another  capacity  in  sopport  of  the  Flight  Control  Laboratory. 
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Hmonaixm.  Heports 


MR  62-1: 

NR  62-2 : 
NR  62-3: 

NR  62-4: 
MR  62-3: 

NR  62-6: 
MR  62-7: 
NR  62-8 : 
NR  62-9: 
NR  62-10: 

NR  62-U: 
MR  63-1 : 

NR  63-2 : 


Nark  IV-B  Deyelppaent :  Prolialnary  Landing  Phaaa  Profile: 

Reenlte  of  Additional  Effort  on  the  Nleslbn-SiinliBent-Pnnetloa- 
Taak  (MEFT)  Analysis.  (J.  B.  Brown  and  R.  W.  Obemayer) 

Revision  of  Work  Statenent  Coneemlng  the  Investigation  of  the 
High  Angle  Letdown,  Osinl-Angle  Technique.  (W.  F.  Swartz') 

Bibliography:  Straight  Seale  Instmnentatlon :  Straight  Scalea 
for  Horizontal  and  Vertical  Inetzmentatlon;  Selected  Refereneea 
Pertaining  to  Scaling  of  Dial-Type  Displays.  (J.  1.  Brown) 

Pre-Experiaentad.  Reptiits :  Cockpit  Displays  for  All-Weather 
Landing.  (C.  A.  Gainer  and  W.  L.  Welde) 

Work  Statement:  Investigation  of  the  Relationship  between 
Split-Axis  Control  and  Task  Load  for  the  High  Angle  Letdown, 

ILS  Approach  to  Tonehdown.  (W.  F.  Swartz) 

Nark  IV-B  Developnent:  Work  StateoMnt:  Eqnlpnent  ReqnLresMnt 
for  Preliminary  Measurement  of  Nark  IV-B  Profile,  (j.  E.  Brown) 

Pilot  Opinion  vs.  Validity.  A  Presentation  given  to  the  Flight 
Control  Laboratory,  13  Jane  1962.  (W,  K.  McCoy) 

Results  of  Semantic  Differential  and  Questionnaire  used  In  the 
Investigation  of  Micro- Vision.  (W.  K.  McCoy) 

Work  Statenent  for  Scale  Factors  for  Moving  Tape  Instmnents. 

(B«  j.  Kelso) 

Smmary  of  the  Results  of  the  Questionnaire  used  during  the 
Inflight  Evaluation  of  the  Pilot  Orientation  Instronent 
(Llfesaver).  (C.  A.  Oalner) 

Scoring  System  Requirements.  (W.  K.  McCoy) 

Working  Paper  -  Application  of  and  Research  Requirements  of 
Photochromlc  Display  Device.  (F.  0.  Mullens) 

Work  Statement  for  Nark  IV-B  Profile  Measurement  Task  (W.  L.  Welde) 
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MR  63-3 : 


niree-Axls  Controller:  An  Investigation  of  the  Effects  of 
Position  and  Location  Variables  Upon  Tracking  Ferforaance. 
(J.  E.  Brown) 


Engineering  Reports 


ER  12,Uh6 


Codgplt  Displays  for  All-Weather  Lcuidings.  (C.  A.  Oalner, 
W.  L.  Welde,  Martin  Company,  and  R.  Monroe,  Link  Division, 
<?PI)  May  1962. 


ER  12,128  The  Stndy  of  Pilot  Eye  Fixations  while  Flying  Selected 
Nanenvers  using  Two  Instroaent  Panels.  (C.  A.  Gainer 
and  M.  L.  Roslnla)  Revised  and  Issued  July  I962. 


ER  12,903  Air  Force  Flight  Control  and  Flight  Display  Integration 

Program:  AF  33(857)-8600:  Martin  Boman  Engineering  Orotp 
Final  Summary  Report,  1962.  (C.  A.  Gainer)  March  1963. 


Journal  Articles 


"Preferred  Panel  Viewing  Distance"  by  R.  W.  Obemayer  accepted  by  Journal 
Of  Engineering  Psychology. 

"Interaction  of  Information  Displays  with  Control  System  Dynamics  and 
Course  Frequency  in  Continuous  Tracking."  Perceptual  and 
Mo^r  Skills.  1962,  1;^,  199-215.  R.  W.  Obennayer,  W.  F.  Swartz, 
and  F.  A.  Muckier. 

"Familiarity  and  Novelty  of  Stimulus  and  Response  Terms  in  Faired  Associate 
Leaurnlng."  Accepted  by  Psychology  Reports.  J.  E.  Brown  (Martin) 
and  J.  0.  Cook  (Noirth  Carolina  State  College) 

"A  Test  of  the  Accuracy  of  Crossman's  Confuslon-Fanctlon."  submitted  to 
British  Quarterly  Journal  of  Experimental.  Psychology,  by 

"Problesis  of  Validity  of  Measures  Used  in  Investigating  Man4Iachlne  Systems." 
submitted  to  Human  Factors  Journal,  by  W.  K.  McCoy. 


TOxeses 

Resistance  of  Extinction  of  a  Running  Response  as  a  Joint  Function  of 
Number  of  Acqxiisltion  Trials  and  Schedule  of  Reinforcement. 
Submitted  by  C.  A.  Senile  to  Ohio  University  in  partial 
fulfillment  of  the  requirements  for  the  Master's  Degree. 
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Tbe  R«l«tlo&8hlp  of  Statistical  Self -Bating  Variables  to  Inventoried 
Variables.  Sobaitted  by  R.  W.  Yoelln  to  the  Illinois 
Institute  of  Technology  in  partial  folfiUaent  of  the 
requirements  for  the  Master's  Degree. 
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This  Appendix  contains  all  of  the  Martin  Memoreoidnm  Reports  issaed 
dnrlxig  the  contract  period.  The  r^orts  in  other  forms  are  not  reproduced 
here  hut  can  he  obtained  upon  request  to  Aeronautical  Systeu  Division, 
Plight  Control  Laboratory,  Attention:  ASBMCB  (Capt.  C.  E.  Waggoner), 
Wright-Patterson  Air  Force  Base,  Ohio 
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AIR  FCRCB  CGHTRQL-DISHAY  SnBQRATIOi  HtOOBAM 

Martin  Human  Xngineerlug  Group 
AT  33(616 )-7752 


MDIORAHDIM  BKPORT:  62-1  12  January  1962 

To:  S*  L.  Warren 

cct  Mr*  VllUam  Austin,  Mr.  B.  Boblmt,  Mr.  J.  Charlton,  Mr.  B*  R.  Darla, 

Mr.  T.  J.  Emerson,  Mr.  S*  G.  Easier,  Or.  D.  P.  Bunt,  Mr*  J*  H*  IBaarBS, 
Mr.  H.  MacGregor,  Mr.  E.  Vinson,  and  Capt.>C*  B.  Waggoner,  and' all 
members  of  the  Martin  Hunan  Etiglneerlng  Group. 

Promt  J.  E.  Brovm  and  R.  W.  Obermayer 

Subject)  Mark  IV-B  Developoentt  Preliminary  landing  Phase  ftoflles 
Results  of  additional  effort  on  the  Mlsslon-Equlpment> 

Functions -^sk  (NEFT)  Analysis. 


One  of  the  wlnary  purposes  of  the  Initial  mlsslon«aq,ulpment*funo- 
tlons-task  (MEFT;  analysis  (MR  61-20)  was  to  Indicate  the  type  of  format 
to  be  used  in  specifying  the  Important  aspects  of  the  Mark  IV-B  fillet 
profile.  As  such,  the  purpose  of  that  analysis  was  to  desionstrate  the 
technique  to  be  used  to  study  the  nan-machine  relationships  in  the  develop¬ 
ment  of  the  Mark  IV-B  System.  At  the  time  of  publication  of  the  Initial 
MEPT  Analysis,  It  was  intended  that  the  METE  analysis  would  be  revised 
continually  as  additional  Information  became  available. 

The  purpose  of  this  report  Is  to  svqpply  supplemental  Information  to 
the  original  MEFT  analysis.  The  Information  presented  herein  represents 
further  efforts  in  attempting  to  more  precisely  define  the  oparator  func¬ 
tions  and  the  display -control  tasks  of  the  operator.  The  Information 
presented  In  this  report  utilizes  the  same  time -base  as  the  original 
MEFT  analysis  (MR  61-20)  and,  therefore,  may  be  substituted  In  place  of 
the  operator  functions  and  display-control  tasks  presented  In  Initial 
MEFT  analysis. 

The  Information  given  In  this  report  Is  essentially  a  refined 
sod  3BOre  detailed  description  of  the  functions  that  the  operator  performs 


aiid  the  oaxmer  In  vbiob  be  perfoome  ble  taske.  Tbe  description  of  opera¬ 
tor  functions  presented  Is  not  considered  to  be  cooplete  by  these  writers. 
Howsrer,  a  more  detailed  description  sight  well  be  erroneous  as  well  as 
■Isleading.  A  isore  detailed  description  of  the  operator  beharlor  aust 
await  empirical  eridence.  The  same  can  be  said  for  tbe  speclfleatioo  of 
the  display-control  tasks  since  these  tasks  are  dependent  upon  tbe  descrip¬ 
tion  of  the  operator  functions. 


Although  the  coding  system  used  for  specifying  the  displays  and  con¬ 
trols  employed  by  tbe  operator  in  performing  bis  tasks  has  been  described 
In  NR  61-20,  nerertheless.  It  should  be  defined  again.  For  tbe  purposes 
of  this  report,  a  glossary  of  tbe  code  terms  Is  Included.  To  cite  an 
example,  examine  tbe  designation  of  the  altimeter.  Tbe  designation  Is 
Di-8.  Tbe  letter  D  Indicates  that  tbe  display  Is  located  In  psuael  D. 
which  Is  the  psmel'contalnlng  tbe  primary  flight  displays*  Tbe  1  Indi¬ 
cates  that  tbe  display  Is  from  subsystem  1  as  shewn  In  the  panel  allo¬ 
cation  charts  and  the  control-display  parameter  charts  of  the  Mark  IF 
reports  (1,2)*  The  number  8  Is  tbe  display  within  subsystem  1.  Thus, 

It  can  be  determined  that  tEe  code  0].-8  refers  to  display  numSer  el|^t, 
which  Is  the  altimeter;  subsystem  one,  \rtilch  Is  the  rehlcle  situation 
subsystem;  and  panel  D,  which  Is  the  primary  flight  group  panel. 


Finally,  It  should  be  stated  that  in  specifying  the  operator  func¬ 
tions  suad  tbe  display-control  tasks,  no  claims  of  accuracy  can  be  made. 

In  many  instances,  the  operator  functions  and  display-control  tasks  are 
fairly  obrious;  in  others,  they  appear  somewhat  arbitrary;  and  in  others, 
they  can  not  be  specified.  Howerer,  attenpts  will  continue  to  be  mstde 
throughout  the  Itork  IV  program  to  completely  identify  and  redefine  these 
components  of  the  Mark  IV  system.  As  has  been  preriously  stated,  msuiy  of 
the  operator  functions  and  display-control  tMks  must  await  further 
empirical  work  with  the  Mark  IV  system  before  they  can  be  specified. 


Soom  of  the  areas  of  the  MEFT  analysis  which  require  further  effort 
are  as  follows! 


1.  Vehicle  Information 


At  present,  this  information  needs  to  be  checked  to  determine 
tdxetber  the  present  flight  profile  of  the  Mark  IV-B  Is  indeed  real¬ 
istic;  that  is,  can  the  rehlcle  actually  follow  the  flight  profile 
as  it  Is  presently  outlined  or,  will  changes  bare  to  be  made  In  either 
or  both  the  time -base  and  the  rehlcle  information  of  the  MEFT  analysis. 
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Currently,  it  le  anticipated  that  thii  Inforaatlon  will  he  eupplied  hy 
the  BOdlfled  MB-1  which  Is  now  being  Installed  and  checked  out. 

2.  MeaBurement 


It  Is  currently  thought  that  the  specification  of  the  required 
MMurenent  and  the  procedures  for  measurement  of  operator  perfomance 
will  not  require  a  great  amount  of  effort.  Work  in  this  area  will  be 
Initiated  and  it  Is  thought  that  results  of  these  efforts  Will  be 
forthconing  in  the  wery  near  future. 

3«  Baulpaent  Functions 

The  equipment  functions  for  the  Mark  IV-B  system  will  be  specified 
In  more  detail  when  the  equlpsent  becomes  aTallabls.  Bresently,  Infor¬ 
mation  concerning  the  equipment  function  is  not  considered  to  be  as 
important  as  Information  concerning  measuxement  and  rehlele  Information. 
Ifforts  toward  gaining  more  information  in  this  area  prcfbably  will  not 
be  undertaken  in  the  neaur  future. 

List  of  References 

1.  Zaar,  Incorporated  Whole  Ihnel  Control-Display  Study  -  Summary  Report 
JUly  1958  -  July  1965'.  Vol^  II  ^e  terk  q  Control-it)isplsqr  iyeteim. 
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Advance  Engineering  Division,  July  i960. 
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QLQSSm  (F  lUJOR  CORBOL-SISnAT 


Rtnel ^  >  Viewer  and  Brojectlon  Controls 


Display/ Control  Designation 

1.  Viewer  Display  selection  control 

2.  Field  of  rlew  control  A4*3 

3*  Brightness  control 

4,  Display  slew  switch 


Itael  2  -  Vehicle  Configuration  Display 


Display/  Control 


Designation 


1.  Drag  Chute 
Control 
Display 


Be-24 

B8-25 


2.  Speed  Brake 

Control  BS-l^ 

Display  B8-16 


3.  Skids 

Control 

Display 

4.  Missile  Bay  Doors  (fore  and  aft) 

Control 

Display 


B8-22 

B8-23 


B8-20 

B8-19 


^ .  Antenna 

Control 

Display 

6.  Bam  Air  Turbine 
Control 
Display 

7*  Control  Surface  Position  Iztdlcator 
Elerlons 
Budder 


B8-27 

B8-28 


B6-13 

B8-14 


B6-17 

B8-16 
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Bkoel  C  -  Staodfey  Banel 


Daalgnatlop 


Dlaplay/Control 


1.  Altitude 

Ci-9 

2.  Tenperature  (noae,  'body,  wing) 

C2-2t 

3.  Alrapeed 

Ci-7 

panel  D  -  IMaary  PUc^t  ^nel 

Dlaplay/Control 

Dealgaation 

1.  Indicated  Alrapeed 

Di-6 

2.  Altitude 

Di-8 

3,  Angle  of  Attack 

Dj^-lO 

4.  FUi^t  Path  Angle 

Dl-11 

5.  Attitude  and  Plight  Director  Dlaplay 

Dg-1,  2,  3» 

6.  Body  AxLa  Rate 

D2-8,  9,  10 

7.  Wing  Tenperature 

D^>26  Wing 

8.  Nose  Tenperature 

D^-26  Noae 

9.  Body  Tenperature 

Dg-26  Body 

10.  IIS/VOR  Mode  Cwitrol 

D3-20 

Iboel  4  -  Bxternal  Vlevlog  and  Projected  Olaplaya 
Control/Dlaplay 
1.  Dlaplay  Screen 
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Feinel  £  -  Arm  Beet  Control! 


Display/ Control  Designation 

1.  Ihree-^Axls  Controller  ^2*^'  ^ 

2,  Thrust/Drag  Control  Fg-Tbrust/Drag 


Panel  N  -  Coaounlcatlon  Displays  and  Controls 


Dlsplay/Control 


Designation 


1.  UHF 

Receive 

Transmit 

Frequency 

Volume 

2.  VEF 

Receive 

"•rasiamlt 

Frequency 

Volume 

3.  VIF 

Receive 

Tremsmlt 

Frequency 

Volume 


231 

■3-3 


■3-6 

I3-7 

No -8 

■3-9 


H3-10 

K-U 

H3-I2 

H3-I3 


Panel  0  >  Switches  and  Circuit  Breakers 


Dlsplays/Controls 

1.  Left  Panel  Khob 

2.  Ambient  Llg^t  Control 
3«  Right  Panel 

k.  Auto  Pilot 


Designation 

0g<-13  left  panel 
O9-2U,  25 
0g'‘15  right  panel 
Og-24 
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AIR  FORCE  COKEROL-DISFIAY  IHIISQRATIOB  HlO(»AM 

Martin  Huaain  Engineering  Group 
AF  33(616 )-7752 


MEMdUGlDUM  REFCRT;  62-2  22  Januvy  1962 

Taek;  Consulting _ 

To:  Mr.  R.  R.  Davis 

cc:  Nr.  W.  Austin,  Mr.  S.  0.  Easier,  Dr.  D.  F.  Hunt,  Nr.  J.  H.  Kearns, 

Mr.  S.  Kbemeyer, 'Mr.  A.  L.  Longlaru,  Nr.  H.  MacGregor,  l/l.t.  J.  Stone, 
Mr.  E.  Vinson,  Capt.  C.  Waggoner,  Nr.  B.  L.  .Warren,  Mr.  R.  WlOle, 

MaJ.  W.  E.  Wllvert,  Mr.  G.  L.  Ylz^gUi^,  and  all  Denibers  of  the 
Martin  Human.  Eziglneerlng  Group. 

Front:  W.  F.  Swartz 

Subject:  Revision  of  Work  Statement  Concerning  the  Investigation 
of  the  High  Angle  letdown,  Omni -Angle  Approach  Technique. 


The  seune  pilot-subjects  are  being  used  In  the  Investigation  of  the 
high  angle  letdown,  omnl -angle  approach  technique  that  are  being  used 
In  the  study  of  all-weather  landings.  As  the  study  of  all-weather  land¬ 
ings  Is  of  primary  importance,  some  rather  fundamental  changes  have  been 
'fkSOjt  In  the  Investigation  of  the  high  emgle  letdown, '  onnl -angle  approach 
technique  in  order  to  use  the  same  subjects.  Essentially,  the  major 
chaz:ge  from  the  approach  described  In  NR  61-26  is  the  reduction  In  the 
number  of  peurameters  for  Investigation  so  that  the  time  required  of  each 
subject  could  be  made  conqpatlble  with  dememds  of  the  all-weather  landing 
program.  The  purpos<}  of  this  memorandum  Is  to  report  the  current  status 
of  the  Investigation  of  the  high  angle  letdown,  osml-angla  approach  tech¬ 
nique  In  the  ME-1  simulator. 

Seleotlon  of  ftaramsters 


The  parameter,  profiles.  Is  being  cozmldered  In  the  study.  As 
shown  on  the  following  page  by  Figure  1,  two  profiles  are  bolz:g  used. 
The  difference  between  the  two  Is  that  Profile  1  has  no  final  approach 
eomtponent  while  Profile  2  does  have  this  component.  Profile  1  Is  of 


iBorui  1 


HtGPIIX  2 

Figure  1*  The  profiles  being  used  in  the  study 


Interest  'because  It  represents  the  profile  «bieh  offers  the  'best  In 
fuel  aanageaient  and  minlaum  tiae  to  touchdown*  Iroflls  2  Is  of  Interest 
for  cosq^atlve  purposes  In  terms  of  system  psrforasnoe*  It  Is  noted 
that  the  final  approach  angle  Is  6^  which  will  permit  the  simulator  to 
reoBln  airborne  for  the  power  off  engine  condition.  The  engine  failure 
condition  has  been  retained  as  a  parameter  for  Investigation  'because  of 
the  hypothesized  value  of  the  letdown  technique  In  event  of  such  an  ooeur« 
ance. 


The  parameters  of  Variable  Approach  Angle,  Pull  Nanual*€pllt  Axis, 
and  Flare  Comnand-No  Flare  Comnand  have  not  'been  Included  In  the  study 
because  of  time  limitations.  The  subjects  are  available  for  only  3 
hours  each;  thus,  in  order  to  properly  familiarize  them  with  tbs  simu¬ 
lator  and  obtain  an  adequate  number  of  trials  for  t^wse  conditions  which 
are  'being  Investigated,  a  nuober  of  parameters  had  to  be  excluded.  In 
the  study,  the  final  approach  cmgle  has  been  fixed  at  6”,  full  manual 
control  is  used  for  each  approach  In  conjunction  with  flare  command  In- 
fomatlon.  It  Is  anticipated  that  a  study  examining  the  effects  of  spilt 
axis  control  will  'be  Initiated  shcrtly  using  different  subjects. 


Method 

Apparatus 

Display.  The  display  aspects  are  the  sane  as  described  In  NR  61-26. 
Comoand  steering  Information  Is  being  presented  on  the  pitch  cosnand  bar 
of  the  ADI  throughout  the  entire  profile.  A  light  has  been  added  which 
indicates  when  the  speed  brakes  are  out.  The  ADI  which  is  being  used  dis¬ 
plays  the  angle  to  the  station  rather  than  the  flight  path  angle  as  des¬ 
cribed  in  the  earlier  meD).orandum. 

Control.  As  was  mentioned  previously,  only  full  manual  control  Is 
'being  used  In  the  study.  During  pre -experimental,  the  subjects  complained 
about  the  force-displacement  ratio  of  the  control  stick;  it  was  much  too 
low  (light).  This  has  'been  corrected.  In  addition,  link  personnel  have 
eliminated  the  transient  pitch  condition  which  would  occur  when  the  simu¬ 
lator  was  luifrozen.  In  short,  many  small  deficiencies  of  the  simulator 
have  been  corrected,  thus  making  It  even  more  acceptable  for  use  in  this 
type  of  endeavor. 

Profits .  Figure  1  rep:?esents  the  profiles  that  are  'being  tised  In 
the  Investigation.  The  task  of  the  subjects  Is  to  fly  the  simulator  from 
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1^,000  feet  along  the  profile  to  touchdown  aalntalnlng  120  knots  alrsfMd 
once  the  high  angle  letdown  has  been  oibtalnedi  this  results  in  a  rate  of 
descent  approadeatlng  2^00  feet  per  alnute  for  the  hl|^  angle  Istdosn  of 
22  degrees  and  1000  feet  per  alnute  for  the  final  approach  in  nroflle  2* 
The  technique  of  flying  theee  profiles  Is  certainly  only  cos  of  several 
alternatives.  For  exaaple,  flying  the  profile  In  tloe  alght  well 

prove  to  be  more  feasible.  However^  the  technique  of  flying  the  profiles 
at  a  relatively  slow  airspeed  of  120  knots  In  the  study  Is  being  iised  for 
several  reasons.  R'lnarlly,  this  technlquM  has  been  demonstrated  at  air¬ 
speeds  of  120  knots  by  facility  personnel  auod  we  were  directed  to  use  the 
same  profile.  In  addition,  the  apparatus  which  generates  the  profile  as 
displayed  on  the  pitch  comwind  bar  has  been  set  for  this  type  of  sdrspeed. 
The  flying  of  the  transitions  Is  particularly  affected  by  the  higher  air¬ 
speeds  cmd  greater  rates  of  descent;  this  would  make  the  task  acre  diffi¬ 
cult  than  It  already  Is,  particularly  for  the  cosnerelal  pilots  who  are 
not  familiar  with  one  single  display  In  the  simulator. 

SeorliM.  All  measurement  requirements  specified  In  ID  61-26  have 
been  satisfied.  The  RMS  values  are  coevuted  for  each  ccsoponent  of  each 
profile  and  displayed  on  a  digital  voltmeter.  Deviation  froei  flight  path 
angle  is  computed  for  the  linear  components  of  the  profiles  and  deviation 
from  steering  comnand  Is  computed  for  the  transitions  and  flares  to  touch¬ 
down.  Airspeed,  rate  of  descent,  O's,  and  angle  of  attack  are  being  ob¬ 
tained  by  means  of  osclUographlc  recordings.  Values  of  A/B  and  B/D  will 
be  obtained  at  each  half  mile  and  recorded  for  every  approach.  Average 
curves  may  then  be  plotted  at  the  conclusion  of  the  study  for  each  of 
the  ejqperlnental  conditions.  In  addition,  the  terminal  values  of  A/S, 

R/d,  O's,  and  angle  of  attack  will  be  recorded  and  statistically  amalyxed. 
Distance  down  the  runway  and  lateral  dlsplacemexit  from  centerline  are 
being  obtained  from  Brush  recordings  for  greater  accuracy.  X-T  plots 
of  lateral  displacement  vs.  range  and  altitude  vs.  range  are  being  ob¬ 
tained  for  each  approach. 

Subjective  data  are  being  obtained  by  means  of  the  semantic  dif¬ 
ferential,  a  positive -negative  set  questloimalre,  sod  a  general  eoBnmnt 
section.  It  Is  hoped  that  the  first  two  means  will  aid  In  bettering  the 
questionnaire  technique  as  well  so  furnishing  data  concerning  the  hl|^ 
angle  letdown,  omnl -angle  technique. 

Subjects.  A  total  of  20  subjects  will  be  used  In  the  experiment. 

Ten  subjects  will  be  military  pilots  assigned  to  MISS  and  cwrently 
assigned  to  fly  C-135  aircraft.  The  remaining  ten  sCbJeets  will  be 
commercial  pilots  currently  flying  707  or  DC -8  aircraft. 


Experimental  Design .  Since  tine  was  so  seriously  restrlctedi  a 
Lindquist  Type  III  design  Is  iMlng  used.  In  this  design,  each  subject 
will  receive  both  profiles  but  vlU  fly  only  one  engine  condition"  power 
on  or  power  off.  Subjects  are  randomly  assigned  to  the  power  conditions 
and  the  e^qperlmental  troatnents  are  randomly  presented  to  each  subject. 
Each  subject  will  perform  six  trials,  three  for  each  profile.  The  design 
will  be  used  to  statistically  examine  the  terminal  conditions  as  well  as 
the  total  RMS  measure.  Because  of  the  difference  In  the  profiles,  a 
Undqulst  Type  I  design  will  be  used  to  statistically  examine  the  RN3 
measure  for  each  component  of  the  profiles. 

R'oeedure.  In  pre-e:qperlmental,  It  was  found  that  practice  was 
needed  In  order  to  familiarize  the  subjects  with  the  simulator  as  well 
as  the  task.  As  a  result,  the  first  of  two  periods  for  each  subject  is 
devoted  to  a  standardized  briefing,  twenty  minutes  of  flying  the  simula¬ 
tor  through  the  various  fundamental  maneuvers  and  then  practicing  each 
profile  two  times  with  the  appropriate  engine  condition.  The  briefing 
includes  what  Is  being  done  and  why,  a  thorouj^  explanation  of  the  sub¬ 
ject's  task  and  operational  procedures  as  well  as  a  cockpit  checkout. 

Ibe  coclqplt  checkout  is  rather  long  as  all  new  displays,  at  least  to 
the  subjects,  are  being  used  including  the  Flight  Director  System.  The 
experlmentor  must  be  in  the  simulator  during  the  practice  of  the  trials 
as  well  as  at  the  time  of  actual  data  collection.  This  Is  not  desirable 
but  the  switching  require sent s  demand  his  presence  as  well  as  the  require¬ 
ment  to  reposition  the  simulator  at  20  miles  and  1^,000  feet  after  each 
approach.  The  subject  is  told  that  the  "co-pllot"  will  not  Judge  or  grade 
him  In  any  way.  Riding  along  In  the  practice  session  does  assist  In  that 
the  experimenter  can  explain  things  to  look  for  In  performance  of  the 
task,  how  to  correct  various  errors  in  flying  the  profile,  etc.  After 
each  trial,  the  subject  takes  the  simulator  off,  and  the  experlmentor 
re-posltlons  the  simulator  with  respect  to  range  smd  altitude.  Then, 
the  similator  Is  frozen  and  the  profile  to  be  flown  on  the  next  trial 
explained.  The  simulator  is  then  unfrozen  and  the  subject  proceeds  to 
fly  the  profile.  The  technique  of  flying  each  conponent  is  read  aloud 
by  the  experlmentor  until  the  subject  has  the  task  memorized.  In  the 
second  period,  a  brief  cockpit  check  Is  made.  IVo  practice  approaches 
are  then  made,  one  for  each  profile .  Six  approaches  for  record  then 
are  performed  in  random  order.  A  five  minute  rest  period  Is  given 
between  the  fourth  and  fifth  trials.  The  questionnaire  Is  administered 
at  the  completion  of  the  trials. 
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Gainer,  C.  A.  Altimeter  Scaling,  Combination  of  Linear  Factors. 

The  Martin  Conqpany,  AF  33(6l6)-7752,  Martin  Human  Engineering 
Support  Group  Conference  Memorandiim  Ho.  101,  4  JUne  1959* 

Gainer,  C.  A.  Summary  of  Proposed  Take-off  Monitor  Displays.  The 

Martin  Company,  AF  33(6l6)-77^2,  Martin  Human  Engineering  Support 
Group  Conference  Memorandvoa  109. 
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AIR  FCBCl  CCnBOL-DlSIlAX.  SRaaBMFIGi  BWG8MI 


Nartln  Huann  Knglfiworlag  Group 
AF  33(6i6)-7752 


MMOEUUrai  BBFCBT:  6Z-h  31  JtovAry  1962 

*Mk:  FAA/MP  Broject  llk-l5-2D 

cc:  Mr.  R.  R.  Batvls,  Nr.  8.  G*  HUler,  Dr.  0.  P.  Dunt^  Nr.  H.  MacCD^gor, 

Nr.  R.  Mooroe,  iJjX.  J.  Stone,  Capt.  Heggoner,  and  all  neabera  of  the 
Nartln  Hunan  Bngliieerlng  Group. 

Fron:  C.  A.  Gainer  and  H.  L.  Welde 

Subject:  Bre-Cxperinental  Beaulta:  Cockpit  Display  for  AU-Ueatber 
landli^. 


In  Martin  Nenorandun  Report.  No.  61-29,  It  uas  specified  tbat  -tbe 
pre-e^^rlaental  work  would  be  for  Investigating  tbe  foUouliv 
aspects  of  tbe  e^^erlnent. 

1.  lask  Oeflnltlw 

2.  practice  Trials  Required 

3.  procedure  Reflnaannt 

4.  <|uestloiinalra  Developaent 

9*  Digital' Costputer  Rrograa 

A  certain  degree  of  success  uas  achieved  In  each  of  the  above  tasks. 
Ibe  pre-eiqperlnental  uork  provided^ to  adequate  satlsfaetloi^resulte 
on  Iteas  1,  2,  and  3  above;  however.  United  value  uas  achieved  for 
the  latter  two  Itens  under  consideration  In  the  per-experlnantal  work. 

Tbe  questionnaire  developnent  Is  an  ongoing  task  and  there  Is  a 
continual  effort  to  sophisticate  and  liprove  these  techniques.  There 
were  a  nusiber  of  prelinlnary  efforts  conducted  prior  to  tbe  question¬ 
naire  which  was  developed  for  this  study.  Tbe  results  of  only  one  of 
these  was  eoq>leted  prior  to  the  begtnnlig  of  the  present  study.  The 


results  of  the  questionnaire  are  reported  In  Martin  NeaKxrandui  6l-21.  A 
second  nemo  uhlcb  Is  applicable  for  this  questloonalre  developaent  Is  MR 
61-23*  Ac  results  described  In  that  neno  were  not  received  before  the 
beginning  of  this  study,  therefore,  the  questionnaire  ues  founded  on  one 
suasMrlzed  study,  one  unfinished  study,  and  a  careful  consideration  hy 
a  panel  of  Judges. 

There  Is  tabulated  data  available  on  four  subjects  vhlch  vUl  be 
used  for  the  purpose  of  checking  the  conqiuter  progran.  This  data  Is 
ejcpected  to  be  nade  available  by  31  Jianuaxy  and  at  that  tine  a  progran 
check  will  be  Initiated* 

Task  Deflnltlwi 

During  the  pre-experlnental  work  nunerous  approaches  were  node  In 
an  attempt  to  develop  the  most  efficient  way  to  nake  the  transition  and 
touchd9wn.  le  61-25  showed  a  non-scale  graph  vhlch  showed  two  points 
of  Inflection  as  Is  shown  here  In  figure  1. 


Figure  1.  A  non-scale  graph  of  the  final  5OO:  a  ninus  shows  dlatance 
froa  runway;  a  plus 'shows  distance  down  runway;  BR  Is  the 
end  of  the  runway. 
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Values  have  been  assigned  to  these  points  2^'  for  the  reduction 
to  ^OO'/nln  rate  of  sink  and  66*  for  the  reduction  to  200'/iiiln.  rate 
of  sink  which  is  held  until  touchdown  occurs. 

It  should  be  pointed  out  that  the  first  thing  each  morning  a  coiq>lete 
equipnent  check  and  calibration  was  coBq;>leted  prior  to  the  eorlval  of  any 
subjects.  After  the  final  subject  each  day  another  check  was  acconqpllshed 
while  getting  the  instrument  panel  set  up  for  the  next  day's  sessions. 
During  the  days  when  the  experimental  panels  were  being  used  the  absolute 
altitude  tapes  were  checked  between  each  session.  The  detailed  description 
of  the  procedure  and  the  task  are  as  follows: 

Experimental  Procedure 

Dpon  arrival  at  the  simulator  facility  on  Monday,  each  subject  is 
Individually  briefed  by  the  e^qperlmeirter  concerning  the  simulator  char¬ 
acteristics,  a  general  description  of  the  fligdit  task  to  be  perfonsed, 
the  specific  manner  in  which  the  task  is  to  be  flown  using  the  practice 
panel  emd  the  procedure  to  be  utilized  for  conducting  each  day's  session, 
which  consists  of  ten  approaches  per  subject.  Any  questions  presented  by 
the  subject  dealing  with  the  task  itself  or  the  ei^rimental  procedince 
are  answered.  However,  if  the  subject's  queirrles  extend  to  the  basic 
experiment  and  if  answered  would  be  too  revealing,  be  is  requested  to 
reserve  the  question  until  he  has  cosqpleted  the  entire  week  of  simula¬ 
tor  rtins  and  questionnaires.  At  the  end  of  one  half  the  days  trials  or 
the  end  of  the  ^tb  rtin  a  ^  minute  break  is  given  where  the  canopy  is 
opened  and  any  questions  are  answered. 

This  briefing  takes  approxinately  13  minutes  and  occurs  prior  to  the 
subject  entering  the  simulator  cockpit.  Also,  at  this  time,  a  detailed 
account  of  the  pilot's  flying  experience  is  recorded. 

A  verbatim  account  of  these  eoqperlmental  instructions  follows: 

General  Description 

"The  task  to  be  perf  armed  will  be  only  the  terminal  phase  of  a 
flight  -  from  the  approach  to  a  field  to  actual  touchdown  of  the  air¬ 
craft  on  the  runway.  Assuming  control  of  the  aircraft  prior  to  inter¬ 
ception  of  the  IIS  outer  marker,  the  subject  pilot  will  be  asked  to 
maintain  the  glide  path  to  the  middle  marker,  at  which  point  either  of 
two  methods,  depending  on  the  instrument  panel  installed,  will  be  utilized 
in  transitioning  from  the  IIS  glide  path  to  the  flare-out  point  and,  fin¬ 
ally,  to  touchdown. 
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The  first  of  these  tvo  m:tthods  will  he  with  a  practice  panel  t^rehy 
the  rate  of  descent  Is  decreak;ed  at  specific  altitudes,  thus  approodsatlng 
the  flare-out  naneuver  for  touchdown.  The  second  aethod  eaplpys  a  flare 
shield  displaying  aircraft  absolute  altitude  In  idilch  the  rate  of  descent 
Is  reduced  as  the  flare  shield  passes  certain  Index  points  on  the  vertical 
velocity  Instrunent.  TTie  latter  method  will  be  utilized  with  each  of  the 
three  experimental  panel  conflguratlcnis . 

The  task  will  be  performed  under  the  hood  to  simulate  IfB  flight 
conditions.  A  detailed  descrlptl(»i  of  the  fUedit  task  and  Instzxsmnt 
panel  display  will  be  presented  prior  to  flying  the  simulator  each  day." 

Simulator  Characteristics 

"The  characteristics  of  the  lfB-5  simulator  have  been  altered  some¬ 
what  In  order  to  achieve  a  resenblance  to  the  f U^t  perfocnanee  of  a 
multi-engine  Jet  transport  at  a  gross  weleJit  of  approximately  l80,000 
pounds.  In  addltl(»,  a  split -axis  control  system  has  been  Incorporated 
Into  the  simulator  whereby  pitch  attitude  Is  controlled  manuallj)'  by  the 
pilot,  but  roll  and  yaw  Is  controlled  autosmtlcally.  Thus,  there  Is  no 
lateral  displacement  from  the  IIS  headlxig  displayed  by  either  the  Atti¬ 
tude  Director  (ADl)  course  bar  or  the  Horizontal  Situation  Indicator  (BBI). 
Another  prcnlnent  characteristic  of  the  MB-^  simulator  concerns  the  t:i^. 
After  a  x>ltcb  correction  has  been  applied,  a  slight  delay  precedes  the 
actual  reaction  of  the  controls;  therefore,  the  pilot  should  be  aware  of 
this  inherent  system  lag." 

FU^t  Task  Description 

"The  subject  pilot  will  assume  control  of  the  aircraft  for  each  run 
at  an  altitude  of  28^0  feet  and  8.2  miles  from  the  runway.  The  aircraft 
configuration  will  consist  of  the  landing  gear  remedning  down  throu^  all’ 
maneuvers  and  speed  brakes  (which  act  as  the  sole  drag  device  due  to  the 
absence  of  flaps  on  the  F-IOS)  up  Initially  and  then  lowered  \q>on  glide 
slope  Interception.  A  constant  heading  of  3^0  degrees  will  be  maintained 
during  the  entire  test  run  by  the  automatic  lateral  controller.  Brlor  to 
cosnenclng  with  the  experimental  run,  level  flight  and  an  approach  speed 
of  130  knots,  requiring  9^-93)^  rpm,  will  be  established.  The  pilot  will 
fly  at  this  altitude  for  about  49  seconds  before  Intercepting  the  IIS  glide 
path  6.9  miles  from  the  field.  As  the  aircraft  nears  one  bar  width  of  the 
IIS  glide  path,  simultaneously  Initiate  a  1-1/2  bar  nose  down  pitch  adjust¬ 
ment  on  the  ADI,  lower  full  speed  brakes  and  reduce  the  engine  rpm  to  9^« 
This  pdtch  change  will  produce  69O-7OO  fpm  on  the  vertical  velocity  which 
will.  In  turn,  sustain  the  aircraft  on  the  glide  path  providing  the  air¬ 
speed  remains  constant  at  19O  knots.  Approximately  twenty  seconds  after 
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glide  path  Interceptira,  the  narker  beacon  vlU  indicate  the  alrcxmft  has 
passed  over  the  outer  narker  located  $,5  Biles  flrosi  the  field. 

While  desoeodlng  on  the  glide  path,  an  rpn  of  will  nalntain 

the  130  knots  airspeed  emd,  because  of  the  extrenely  raj^d  acceleration 
and  deceleration  rates  of  the  sinulator  in  rela'U.on  to  the  aaount  of 
throttle  Bovenent,  any  power  setting  varying  in  excess  of  2^  frcm  this 
range  vlU  create  najor  devlatlODS  froB  the  desired  airspeed.  Also,  only 
vexy  nlnor  corrections  in  pitch  attitude  should  be  nade  vhlle  descending 
on  the  glide  path  for  rates  of  descent  greater  than  lOOO  fpn  or  less  than 
kOO  IpB  are  to  be  considered  as  approsichlng  a  tendency  to  orer-control  the 
aircraft.” 

Ractlce  Ihnel 

"Ihssage  of  the  niddle  narker,  occurring  at  1000  feet  MBL  and  .7  of  a 
nlle  froB  the  runway,  will  again  be  signified  by  the  narker  beacon.  This, 
consequently,  is  the  pilot's  cue  to  disregard  the  US  glide  path  needle  and 
fly  only  specific  rates  of  descent  to  touchdown.  Beduoe  the  rate  of  descent 
to  ^00  fpB  and,  accordingly,  this  pitch  change  necessitates  a  slight  increase 
in  rpn  to  uphold  the  airspeed  at  1^  knots.  At  820  feet  MSL,  which. is  70  feet 
above  touchdown,  begin  a  final  flare-out  maneuver  by  establishing  a  200  fpn 
rate  of  descent  until  touchdown.  After  the  flare  attitude  Is  established 
and  the  adrcraft  Is  approzinately  30  le^t  froB  touchdown  or  7^  I8L, 
slowly  retard  the  throttle  to  the  idle  position.  Touchdowns  will  occur 
at  750  feet  NSL  and.  Ideally,  all  touchdowns  should  be  accowDlished  at  a 
rate  of  descent  between  100-300  fpa  and  an  airspeed  of  Ik0-la5  knots. 

To  assure  the  pilot  that  the  aircraft  is  over  the  end  of  the  runway, 
a  red  flag  will  appear  In  the  ADI  at  the  nine  o'clock  position  whenever 
the  aircraft  is  above  or  actually  on  the  runway. 

Opon  touchdown,  advance  the  throttle  to  100^  rpn  and  pexidt  the  air¬ 
speed  to  build  up  to  170  knots  for  takeoff.  At  liftoff,  the  nose  of  the 
aircraft  will  pitch  up  because  of  a  large  aaount  of  back  tria  on  the  ele¬ 
vators.  This  pitch  iq[>  tendency  can  be  alleviated  by  the  lasediate  appli¬ 
cation  of  nose  down  tria  and  the  reductlcm  of  the  engine  rpm  to  SStt-  At 
approzliantely  lOOO  feet  NSL,  initiate  leveloff  procedures.  When  the  air¬ 
speed  approaches  13O  knots,  raise  the  speed  brakes,  adjust  the  throttle  to 
nalntain  I30  knots,  and  retrlm  the  aircraft  for  level  flight.  While  level¬ 
ing  off,  disregard  the  indications  displayed  by  the  altlaeter  and  glide  path 
needle  since  the  aircraft  will  be  in  the  process  of  being  repositioned  by 
the  experlnenter. 
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Ibe  pilot  will  have  two  nliiutea  to  get  'squared  aeay*  hefoce  eossKiie* 
log  vlth  the  next  e^qpertaental  run." 

At  the  eoneluslan  of  this  briefing  hgr  'the  experlnenter,  the  subject 
enters  the  slwlator  cockpit  and  is  given  a  cockpit  checkout  on  the  Iteas 
listed  'below: 

1.  Altiaeter 

2.  Vertical  Velocity 

3.  Attitude  Director  Indicator  -  ADI 

ns  Glide  Slope  Beedle 
Bunuay  Indicator 

4.  Horizontal  Situation  Indicator  -  IBI 
Airspeed  Indicator 

6.  Engine  Instruments 

7.  Speed  Brake  Indicator 

8.  Throttle  -  Speed  Brake  Switch 

9.  Control  Stick 

Trim  (Slow  reacting) 

Avoid  Depressing  FLlot-Asslst  Button 

10.  Marker  Beacon 

11.  Teaqperature  Control 

12.  Canopy  Switch 

13«  Seat  Adjustment  Switch 

l4.  Rudder  Adjustment  Switch 

19.  Ash  Tray 

16.  Headset  --  click  mike  to  acknowledge  instructions 

At  the  end  of  this  first  practice  session,  the  subject  pilot  is 
advised  as  to  his  next  appolntaent. 

The  procedure  on  Tuesday  Is  the  same  except  a  refresher  briefing 
on  the  flight  task  and  simulator  cockpit  Is  given  rather  than  the  de¬ 
tailed  one  received  on  the  first  day. 

The  following  three  days,  Wednesday,  Thursday,  and  Friday,  consist 
of  the  subject  flying  the  ejq^lmental  panels.  Bach  day  that  particular 
ezperimental  panel  to  'be  flown  Is  described  to  the  subject  as  he  Is  seated 
in  the  cockpit  of  the  simulator.  A  detailed  schedule  Is  presented  in  Thble 
1. 

One-Inch  Module 

"This  instrument  panel  Insert  contains  the  standard  round  dial  altim¬ 
eter.  An  Instantaneous  vertical  velocity  with  the  capa'blllty  of  display¬ 
ing  absolute  altitude  'below  3OO  feet  has  been  Included  in  the  Insert. 

This  one-inch  module  Instrument  Is  an  instantaneous  vertical  rate 
Instnmmnt,  eonsequently  there  is  no  lag  In  its  presentation.  The  scale 
is  graduated  into  Increments  from  1,000  f^  ascent  to  2,000  l)p  descent 
with  an  ezpansion  of  this  scale  existing  from  1,000  Ipm  ascent  to  1,000 
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f|pi  d— cent  to  provide  more  precise  rate  Infocmtlon.  If  tbe  elrereft 
wrtloel  rate  of  cUidb  exceeds  1,000  the  pointer  will  aove  ofpposlte 
the  wlndonr  and  the  vertical  rate  will  he  displayed  hgr  a  digit  appnarlng 
In  the  window.  For  exanple.  If  the  aircraft  was  eliablng  at  ^,000  fpa 
the  figure  "It-”  would  he  vlslhle.  The  sane  digital  readout  applies  to 
aagr  nite  of  descent  greater  than  2,000  fpa. 

The  flare  shield,  displaying  aircraft  absolute  altitude.  Is  an  orange 
colored  tape  which  ascends  fToa  the  hottoa  of  tfaa  case  to  the  zero  Index 
and  covers  the  rl^t  side  of  the  rate  of  descent  scale.  The  tape  will  cobi 
Into  view  at  300  feet  altitude  and  will  travel  In  a  constcuat  aoveaent  If 
the  aircraft  rates  of  descent  are  reduced  as  prescribed  by.  the  Instruc¬ 
tions.  As  tbe  flare  shield  ascends,  the  points  along  the  rate  of  descent 
scale  only  approodnate  absolute  altitude  below  300  feet  idth  tbe  exception 
that  the  1,000  fpn  Index  on  the  scale  represents  66  feet  absolute  altitude 
and  tbe  ^00  fpw  asurk  represents  33  feet  of  eULtltude." 

SuBsers 


"This  Instrunent  panel  Insert  cwtalns  the  standard  round  dial  altla- 
eter.  An  Instantaneous  vertices,  velocity  with  tbe  capability  of  displaying 
absolute  altitude  below  270  feet  has  been  Included  In  the  li»ert. 

This  Is  tbe  Suosers  Instantaneous  vertical  rate  Instzuaent  which  has 
no  lag  In  Its  presentatlm.  The  scale  Is  graduated  Into  Increaents  froa 
4,000  tpm  ascent  to  4,000  fpn  descent  with  an  expansion  of  this  scale 
existing  from  1,000  fpn  ascent  to  1,000  fpm  descent  to  provide  more  pre¬ 
cise  rate  Inforaatlon. 

The  flare  shield,  displaying  aircraft  absolute  altitude.  Is  an  orange- 
red  colored  ring  which  rotates  about  the  lower  perloeter  of  tbe  vertical 
velocity  dial  face.  Tbe  tape  will  coze  Into  view  at  270  feet  altitude  and 
will  travel  In  a  constant  novenent  If  tbe  alroraft  rate  of  descent  Is 
reduced  as  prescribed  by  the  Instructions.  As  the  flare  shield  rotates 
to  tbe  zero  Index  ou  the  vertical  velocity,  the  points  along  tbe  rate  of 
descent  scale  only  approxiaate  absolute  altitude  below  270  feet  with  tbe 
exception  that  the  1,000  fpm  Index  on  the  scale  represents  66  feet  abso¬ 
lute  altitude  and  'Uie  ^00  fpn  nark  represents  33  feet  of  altitude." 

Ihaae  n-A 

"This  Instrunent  panel  Insert  contains  the  Riase  II*A  altlneter,  whl^ 
Is  a  vertical  scale  altlneter  and  an  Instantaneous  vertical  velocity  In  the 
sane  Instrunent.  In  addition,  a  flare  shield  with  the  capability  of  dls- 
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pljqrliig  absolute  altitude  below  2k0  feet  has  been  included  in  the  Tertical 
velocity  scale. 

Ite  vertical  velocity  Indicator  of  tbe  Ihase  U-A  altiaeter  Is  an 
instantaneous  vertical  rate  instruaent,  consequently  there  is  no  lag  In 
5ts  jresentation.  Ihe  scale  is  graduated  into  IXX)  foot  increaents  to 
^00  feet  ascent-descent.  If  the  aircraft  vertical  rate  exceeds  this 
1,^00  the  pointer  will  move  opposite  tbe  aiqpropriate  vlndow  and 
the  vertical  rate  vlU  be  displayed  by  a  digit  i^pearing  in  tbe  window. 

For  exanple.  If  the  aircraft  was  climbing  at  2,000  fpa  tbe  fiipnre  "2" 
would  be  visible. 

Tbe  grey  scale  on  tbe  iricdtt  of  the  Instrument  Is  the  altitude  tape 
representing  aircraft  altitude  In  thousands  of  feet  with  tbe  scale  gradu¬ 
ated  Into  500  foot  Increments  and  numbered  every  1,000  feet.  The  tape 
moves  and  tbe  altitude  Is  read  under  tbe  fixed  reference  line. 

Aircraft  altitude  is  presented  in  huxidreds  of  feet  by  the  black  vernier 
tape.  Tbe  scale  is  graduated  into  50  foot  increments  and  numibered  every 
100  feet.  Tberefore,  precise  aircraft  altitude  can  be  determined  by  first 
obtaining  thousand  foot  information  from  the  altitude  teqps  and  then  obtain¬ 
ing  the  hundreds  of  feet  from  the  vernier  tape. 

Tbe  flare  shield,  displaying  aircraft  absolute  altitude,  is  a  red 
colored  tape  Which  ascends  from  the  bottom  of  the  vertical  velocity  scale 
to  tbe  zero  index  and  covers  tbe  left  side  ot  the  rate  of  descent  scale. 

Tbe  tape  will  come  into  view  at  2li0  feet  altitude  and  will  travel  in  a 
constant  aoveaent  if  tbe  aircraft- rates  of  descent  are  reduced  as  pre¬ 
scribed  by  the  instructions.  As  tbe  flare  shield  ascends,  the  points 
along  the  rate  of  descent  scede  only  approadLaate  absolute  altitude  below 
2k0  feet  with  tbe  exception  that  tbe  1,000  fpm  index  on  tbe  scale  repre¬ 
sents  66  feet  absolute  altitude  and  tbe  500  fpa  nark  represents  33  feet 
of  altitude." 

Nben  the  subject  pilot  fully  understands  tbe  various  functions  of 
tbe  experimental  panel,  he  Is  instructed  how  to  fly  tbe  fli^t  task  with 
regard  to  that  specific  experimental  display. 

Kxpeirlmental  ItoelB 

"Upon  passage  of  the  middle  marker,  a  flare  shield  depicting  aircraft 
absolute  altitude  will  cose  into  view.  This  absolute  altitude  display  is 
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Introduced  at  _ feet*  above  the  terrain  or  _ feet  MSIA,  and  this 

consequently,  is  the  pilot's  cue  to  reduce  his  rate  of  descent  to  300 
flm.  And  again,  from  the  initial  appearance  of  the  flare  shield  to 
touchdown,  the  IIS  glide  path  needle  should  be  ignored  and  only  the 
specific  rates  of  descent  are  to  be  flown. 

As  the  flare  shield  passes  the  1,000  fpD  rate  of  descent  index, 
which  represents  an  aircraft  absolute  altitude  of  66  feet,  the  pilot 
begins  a  final  flare-out  maneuver  by  establishing  a  200  fpa  rate  of 
descent  until  touchdown.  Also,  as  the  flsore  attitude  is  assumed  and 
the  absolute  altitude  flare  shield  passes  the  300  ipa  rate  of  descent 
point,  which  indicates  an  altitude  of  33  feet,  slowly  retard  the  throttle 
to  the  idle  position." 

The  first  half  of  a  two-part  questionnaire  is  administered  to  the 
subject  by  the  assistant  experimenter  prior  to  being  released  from  the 
simulator  facility.  The  second  sectlra  of  the  questionnaire  is  answered 
by  the  subject  preceedlng  the  following  day's  simulator  flight.  A  detail 
layout  for  the  order  of  questionnaire  presentation  is  presented  below. 

After  each  daily  session,  the  subject  is  requested  not  to  discuss  the 
study  with  anyone  until  its  conclusion. 

Ractice  Trials 

Means 


The  measurement  of  the  learning  effect  is  not  aiqparent  when  the 
means  of  the  various  parameters  are  plotted.  For  example,  the  mean 
of  the  airspeed  at  touchdown  for  trial  one  is  XU2.2  and  for  trial  twenty 
the  airspeed  at  touchdown  is  lhl.3>  The  other  trials  had  an  inconsistent 
scatteiring  of  the  touchdown  airspeeds  from  138.9  on  trial  13  to  1^3.9  on 
trial  3*  This  tendency  to  be  inconsistent  in  tems  of  the  mean  was  appar¬ 
ent  for  all  the  measurements  recorded  during  the  practice  trials.  There 
is  no  particular  reason  to  eiqpect  a  general  decrease  in  the  size  of  the 
means  as  in  every  case  there  is  a  desired  value  to  be  held.  It  is  eiqected 
that  the  groups  of  subjects  as  they  learn  control  of  the  simulator  to  de¬ 
crease  in  their  dispersion  about  the  erqpected  value.  For  example,  it  was 

*  VUues  are  inseried  which  are  appropriate  for  the  instrumeilt  being  used. 
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•ntleipated  that  touchdown  would  occur  at  about  l45  knots*  When  the 
toaehdom  speeds  were  ccs^uted  It  was  noted  that  ease  were  such  hi^^r 
and  SOM  were  lower  hut  when  averaged  together  the  scores  were  as  stated 
shove  and^tho^  left  sose  douht  as  to  whether  learning  bad  taken  place* 

Since  the  dlspersloi  of  the  scores  about  the  flaosd  value  generally 
decreases  as  a  function  of  trials,  it  can  be  assussd  that  there  was 
learning  occurring* 

Standard  Deviation 

rigure  2,  3,  4,  are  plots  of  the  standard  deviations  of  the  subjects 
as  a  function  of  trials.  It  should  be  pointed  out  that  the  ardinate  in 
eaush  graph  is  in  error  voltage  and  thus,  all  three  paraneters  are  plotted 
on  the  sane  ordinate  scale  even  thou^  the  converted  values  would  be  quite 
different*  laeh  of  the  curves  must  be  considered  as  Independent* 

tbrials  1>10  represent  the  first  practice  session*  trials  11-20  repre¬ 
sent  the  second  practice  session.  As  can  be  seen  by  the  plots  of  the  air¬ 
speed,  vertical  velocity,  and  range,  there  is  a  trend  for  a  gradual  decrease 
in  the  magnitude  of  the  standaurd  deviation  from  trial  1  of  the  first  session 
to  trial  10  of  that  session.  Figure  2  shows  an  Increase  in  the  enor  volt¬ 
age  on  trial  11  or  the  first  trial  of  the  second  day.  Apparently  this  is 
due  to  the  intervening  time  period  which  ranged  from  20  hours  to  26  hours. 

It  mie^t  be  noted  from  figures  2,  3,  and  4  that  there  is  not  a  con¬ 
tinual  decrease  in  the  size  of  the  standard  deviations  rather  the  trend 
is  to  decrease  with  scattered  points  along  the  trenfi  line.  Figure  3 
shows  the  actual  plot  with  the  hypothetical  plot  that  would  be  expected 
providing  tbexe  were  adequate  subjects  to  stablise  the  data  points*  From 
these  four  figures  it  can  be  concluded  that  laaming  in  terms  of  'Ute  con¬ 
trol  of  the  simulator  occurred. 

Ihere  is  some  additional  learning  which  takes  place  in  the  second 
session  as  is  demonstrated,  trials  11-20  of  figures  2,  3>  4,  and  but 
there  is  a  primary  trend  of  scattering  about  the  level  achieved  in  the 
first  session  suggesting  the  fact  that  the  performance  asyatote  has  been 
approachsd*  By  trial  17  or  iS  they  are  relatively  stable  with  very  little 
iaprovement  occurring  after  these  trials.  The  deteriatlon  in  the  final 
trials  could  possibly  be  explained  by  fatigue  or  motivation*  It  is  not 
untisiial  to  observe  a  sll^t  deteriatloa  in  perfonmnce  in  a  r^eated  task 
which  IS  learned. 

It  is  felt  that  the  increase  in  the  standard  deviation  in  trials  19 
and  20  axe  not  motivationally  associated  with  the  program  becaxise  of  the 
general  laprovement  on  day  three,  the  third  experimental  session  and  first 
with  absolute  altitude. 
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Ab  a  conflrnatlOD  of  the  geoeral  laproveeent  In  the  subject 
eapablUtgr  of  the  slaulatar  figure  6  Is  presented  with  a  curve  of  the 
error  voltage  for  airspeed  and  vertical  velocity  8noe  again  tlia  eaans  do 
not  dOBOnstrate  learning  taking  place  while  the  variability  about  the  eean 
does  shov  a  definite  decrease.  This  curve  Is  plotted  trm  tbs  Integrated 
error  square  scores  from  Outer  Marker  to  Middle  Marker. 

Bsperleental  Design 

The  basic  design  has  not  Changed  as  this  Is  still  a  four  dtesnslanal 
design.  The  variables  have  been  changed  as  well  as  -ttie  effects  of  prlaary 
coDoem.  The  variables  for  this  study  are: 

1.  Order  (a  control  variable) 

2.  Subject  Groups 

3.  Instraaents 

4.  Trials 

The  Interaction  of  priae  Interest  are  pilots  by  Instruaenk,  trial  by 
Instriannt,  pilots  by  Instruaent  by  trials.  All  other  effects  are  lapor- 
tant  but  are  not  of  priaary  liqtartance  and  will  be  utilized  for  control 
purposes  only. 

The  final  design  to  be  used  is  described  in  the  following  paragraphs. 

The  design  used  In  this  study  vas  a  four  diaenslooal,  alzed  design 
slallar  to  those  described  In  Lindquist  (Ref.  1).  The  24  subjects  were 
assigned  to  one  of  the  six  orders  of  Instrument  presentation  In  accordance 
with  their  appearance.  Within  each  of  the  orders  all  other  treatment  coa- 
blnatlons  %rere  administered  to  each  subject  except  for  the  dlsensloo  of 
pilot  background  which  by  definition  was  the  second  between  effect.  In 
other  words  %flthln  each  pilot  group,  two  subjects,  received  one  of  the 
six  orders  In  coablnatlon  with  Instruments  and  trials. 

There  were  six  possible  orders  by  which  the  three  Instruments  were 
presented  to  each  subject  group.  All  six  of  these  orders  were  used  and 
two  allitary  and  two  civilians  were  assigned  to  each  order.  The  follow¬ 
ing  orders  were  used: 
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«Sum  -  SuBuer  IWI 
Nod  -  lltodule  IWI 
II-A  -  Biase  H-A  AXtinBter 


Order  1  II-A>  Mod,  Sum''' 

2  Mod,  II-A,  Sum 

3  Sum,  Mod,  II-A 

4  II-A,  Sum,  Mod 

.  ,  3  Mod,  Sum,  II-A 

6  Sum,  II-A,  Nod 

With  this  arraDgement  all  Instruments  occuzred  twice  in  the  first  posi¬ 
tion  twice  in  the  second  position  and  twice  third.  For  exa^le,  the  I” 
■BdiilB  occurred  first  in  orders  2  and  5,  second  in  orders  1  and  4,  and 
liM  in  orders  4  and  6.  py  this  aimncsiwint,  practice  .and  fatigue  effects 
Which  Bd^t  cause  differences  were  subject  to  control.  The  (urrangeBient 
also  minimizes  any  systematic  influence  resulting  from  InstruBient 
always  preceeding  or  following  another.  Thus,  in  this  ezperiBent  order 
is  not  an  effect  of  primaxy  inqportance,  but  is  included  as  a  control  vari¬ 
able  so  that  the  vairiance  attributable  to  order  can  be  extracted  from  the 
error  term.  It  is  not  anticipated  that  there  will  be  a  significant  effect 
of  order  hut  this  technique  'purifies'  the  remalzilzig  tests. 

Table  2 

Analysis  of  Variance  Suianary  Table  for  the 
Sources  and  the  Degrees  of  Freedom^ 


Source 


Between  Subjects 
Order  (O) 

Pilots  (P) 

0  X  P 
Error  (b) 


Degrees  of  Freedom 


opn-1 

0-1 

P-1 


?o-l)(p-l) 

op(n-l) 


*There  were  6  orders,  2  pilot  groups,  3  instruments,  and  6  trials. 
0  =  6,  p  =  2,  nr2,  i=  3>  r8!6. 
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ItemB  tp.]be  Acconipllsbed 


The  only  things  left  to  "be  accoBiipllahed  Is  the  conduct  of  the  enverliMH^ 
the  analysis  of  the  dat^,  and  the  preparation  of  the  Martin J|i^neeflng^  Beport 
which  will  he  used  hy  the  technical  writers  for  preparing  tlw^Ylnal  two  sec¬ 
tions  of  the  report  to  he  Issued  to  FM.  It  Is  anticipated  thftt  the  time 
Ualtatlons  at  the  terminal  end  of  this  experiment  ard  seen  move  critical 
than  before.  The  data  analysis  at  Its  best  will  not. he  conpdeted  until 
30  Itorch  196&  'vdilch  leaves  four  weeks  for  the  completing'  and  issuing  uf 
tbe-report.  •  ■ 


'Reference  - 

■  ■  '  *  .  .  f  ' 

Lindquist,  E.  F.  Design  and  Analysis  of 'Experiments  In  Ihyj^OlOgy  Snd 
.  Education.  Boston:  Houghton  Mifflin  Ccnpaxy,  1^^. 


W.  L.  Ifelde  .  . 


19 


AIR  FORCE  COHTROL-DISFIAY  UTlCiGBA^lOR  HlOGSiAM 


Martin -Hunan  Enslneerlng  Group 
AF  33(6l6)-7752 


MMOBAIOKK  JBKgg:  6g-5.  $  February  1962 


Tasxj  ,  ^ 

onsultlng 

Toi 

e  Bit  B&vjLs 

cc: 

Mr.  S..  G.  Basler,  Dr.  D.  F.  Hunt,  Mr.  J.  B.  Keams>^Mr.  S.  Kneneyer 
Mr.  A.  L.  Longlaru,  Mr.  H.  MacGregor,  -Capt.  C.  Whggoner,  Mr.  Warren 
Mr.  H.  Hlhle,  Major  W.  E.  Wllverf,  and  Mr.  G.  L.  Tingling,  and  all 
members  of  the  Maxi^lir  Human  Bnglneexlflg  Group. 

IroBi; 

W.  F.  Swartz 

Subject; 

^  Work  Statememt:  Investigation  dT  'Uie  .lielaticnshlp  .'between 

.  Control  and  Task  Load  for.  the  iil^  Letdovn, 

.HS^'  An^oach  to  Touchdown. 


In  the  T-33  Inflight  tnvcstig&tlon  of  split-axis  control  for  the  land- 
'lng..mDeuver,  a  significant  laproveaent  of  locaUzer  perfamaoce  by  the 
Introduction  of  autonstlc' lateral  control  did  not  result  In  a  subsequent 
laqjrovanent  xjf.  glide  slc^  perforaance.  This  finding  is  contrary  to  the 
hypothesis  that  unburdening  the  pilot  from  having  to  maintain  control  of 
the  aircraft  In  roll  and'  yaw,  while  performing  the  landing  maneuver,  will 
result  In  'better  glide  slope  (pitch)  i)erfomance.  The  explanation  sulvanced 
for  the  neutral  finding  was  based  upon  the  fact  that  the  taisk  load  was  rela¬ 
tively  low  for  the  Inflight  study.  The  T-33  aircraft  had  excellent  handling 
qualities,  rather  slow  alrspeeds,  and  never  flew  la  90  degree  cross-winds  of 
greater  than  10  knots  or  gusts  of  greater  than  ^  knots;  any  one  of  these 
factors,  either  singly  or  in  conblnatloo,  could  have  Increased  the  task  load 
of  the  Idiots  In  the  study.  Based  this,  a  hypothesis  was  made  which 
stated  that  the  spllt-euds  cncrtrol  would  have  improved  glide  slope  per- 
fonoance  if  the  task  load  had  been  hl^ier.  A  primary  purpoee  of  the  study 
described  In  this  meraorandtiB  Is  to  exandne  that  hypothesis.  The  ME^l  Simu¬ 
lator  Is  being  utilized.  Hxls  study  Is  'being  conducted  in  conjunction  with 
high  angle  letdown,'  omnl -angle  approach  study. 


fclaetlwi  of  Amaeten 


Vm  two  pamwters  selaeted  for  Investigation  sre  Controls  and  flask 
Load,  fto  levels  elthln  each  panoaeter  are  helng  studied.  Vlthin  the 
parsneter.  Controls,  the  standard  Full  Manual  oontrOl  and  the  eapertnsntal, 
iVUt^Lds  Control,  are  helng  utilised.  Full  MMwail  Control  Is  Incorporated 
Into  ttm  stud/  to  fomlsh  hasellne  data  for  conparattva  purpossa  with  the 
dpllt-aods  control  condition,  fask  Load  vUl  bnva  the  Isvals  of  high  and 
lor.  BgL  task  load  vUl  he  Introduced  Iqr  naans  of  hnvlai  rou|^  air  and 
having  the  subjects  aalntaln  airspeed  vltbln  pins  or  nlnaa  four  knots  of 
the  daalrad.  Bough  1*  not  of  Interest  pmt  m,  h^  Is  heiag  used  as  a 
naans  of  Inersaslng  course  coniplexltgr  vhlch  in  ^Irn  Inaseaaas  the  task  load 
of  iibm  sid>Jeet;  aalntalnlng  strict  airspeed  control  Inersoooitho  task  load 
evna  nore.  Low  taak  load  eonalsta  of  no  rou^  air  and  no  llntta  lAtk  reapaet 
to  airapaad. 


Method 


&S£S£-  fhe  following  Instruaent  dlaplaya  will  he  uaad  In  the  studjs 


a. 


b. 


e. 


iFUtfit  Urector  Syaten 
(1)  Attitude  Urector  ^idloator 
a)  Pitch  Cnnaenl  Bar 
d^  I  Bank  Conaand  Bar 
e)  Depresalon  Angle  to  the  Station 
(2)  goi^ontal  Situation  Infileator 
(a)  lateral  Msplaoenant  Baf 


Phase  m  ALtlnetar 
(1)  Altitude  xape 
121  Ihniler  Altitude  fSpe 
(3)  Inatantaneous  Tertleal  Bate 
Bflrlsontal  Ina  Airspeed  Inaicatar 


Coaand  henk  attitude  and  rn—ntl  pitch  attitude  inf oraatlon  are  placed 
opOB  the  eoHaad  hare  of  the  AIXI  for  the  entire  profUs  fron  alUtuBe  to  touch* 
dam.  9»  lateral  dlaplaoenent  her  of  the  HBX  dlaplaye  the  Ineurred  angular 
arror  to  tha  eentw  of  Ihe  leeallser  hean. 


Contrnl.  Pull  Mnnual  control  (standard)  will  he  avaUshe  for  uoo  aa 
sail  aa  spUi-axls.  8pllt-axls  control  will  consist  of  antcnatle  eoatrol 
of  rail  and  paw  with  aannsl  control  of  pitdi;  the  alnulator  will  ha  flam 
aloag  the  loeallsnr  haan  autonatirwny  when  the  spUt-axla  condition  la 
helng  OiVlfliFSd. 
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BfCtfile*  rifliiro  1  presents  the  profile  to  he  used  In  the  tnvestl^tion. 
fbe  task  of  the  subject  Is  to  fly  the  slauletor  frca  15«000  fOet,  dosn  the 
hl^  angle  letdown  of  12  degrees,  transition  into  the  ns  aigraach  of  3 
degrees,  and  on  to  touchdown.  She  profile  is  flown  by  aalntalnlng  the  null 
of  the  eoMsnd  bars  on  the  AOl.  It  la  noted  that  the  angle  of  12  degraea  la 
being  uaed  to  aalntain  the  eoi^tibilitp  of  this  Investigation  with  the  high 
angle  letdown,  oKi-angle  approadi  study.  IhT  hawing  a  profile  subh  as  shown 
in  Figure  1,  both  the  hl^  angle  letdown  and  the  IIS  apgroadk  ia^nnts  eay 
be  uaad  to  emeliie  the  paraaeters  of  Controls  and  Sask  Load. 

Beying.  She  scoring  apparatus  is  the  sane  by  neoaasity  for  this  study 
as  for  tlie  onai-angle  approach  investigation  since  the  studies  are  being  coo- 
ducted  con-currently.  Airspeed,  vertical  rate,  Qs,  and  angle  of  attack  are 
being  recorded  by  a  Saiohom  osciUographie  recorder  for  the  entire  profile. 
She  tanalaal  pearfonance  scores  for  eadh  of  these  paieaeiera  are  also  db- 
talnad  by  eeans  of  the  osciUograpfaic  recordings.  Fmdh  recordings  of 
dlstanoe  down  the  runusy  and  lateral  dlaplaceaent  upon  toudidown  are  being 
■ade  of  each  approadi.  Maaaureaent  of  the  Mean  Square  is  beiiM  Obtained 
for  (1)  the  high  angle  intercept,  (2)  the  hl^  angle  letdown,  (3)  the  tran¬ 
sition  to  the  ns,  (k)  the  US  approach,  and  (5)  the  flare  to  toudidown. 

She  Mean  Square  eatlmtes  of  deviation  firan  the  desired  flli^t  path  angle 
are  being  obtained  for  Ite  linear  portions  of  the  profile  and  estlnates  of 
deviation  froa  the  coHSnd  pL^ch  attitude  are  being  obtained  for  the  non¬ 
linear  portiona  of  the  profile.  X-T  plots  of  lateral  diaplaceaent  vw. 
range  and  altitude  va  range  are  alao  being  aada  of  each  approach. 

Sd>Jeetive  data  are  being  obtained  by  aeana  of  the  qwMtioanalre 
techniqjue.  She  eeaantic  differential  is  being  utilised  in  conjunction 
with  the  questionnaire. 

Subjects 

It  would  be  desirable  to  have  a  arthliw  of  20  subjects  for  the  study. 
Due  to  the  difficult  in  obtaiMag  subjects,  20  aay  be  sonawhst  isibitious, 
however.  An  absoltite  will  be  1$.  Since  the  difficult  does  exist 

in  obtaining  subjects,  the  siAJect  qualificaticne  aust  be  sonewbat  lower 
than  optlaon  in  order  to  obtain  the  required  nnadwr.  Iherefare,  Jet  tine 
la  not  required  of  the  subjects,  the  aejor  qualification  is  that  they  ■oat 
be  currently  rated  pilots. 

Kqeriiaental  Design 

S]r  reducing  tte  qualification  reqiutreBente,  there  can  be  little  doiflit 
but  that  the  between  subject  differanoas  would  significantly  contribute  to 
the  experlaental  error  tera,  thns,  resulting  in  coneervative  estlnates  of  F. 
Iberefore,  a  design  Is  required  whidi  will  coagpensate  for  the  bypothesixed 
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•xto? 


figure  1*  The  Arofile 


dlfTerexioe  Iwtwswi  sobjaeta.  the  Treataent  X  Tgaataalit  Z  JWh>eta  Itrlgti 
satlaflea  thle  rayittaaant«  Usliig'  this  design  raqulraa  tbat  aaeb  suibjact 
raoelta  each  ccrfrtnatloo  of  CoctrolA  (Pnll  Ijnaoal  and  ipUt-Axia)  and  Sksk 
Load  (H1£^  and  Lov).  Ihe  codtliiatlaiia  are  admislatared  la  randea  order* 

Sach  subject  will  receive  aa(A  coEblnatlaD  two  tlars  for  a  total  of  8  trials* 
In  addition,  each  subject  receives  oae  practice  trial  for  each  ecsodltlao. 

Xrocedure 


Upoo  appearance,  each  subject  Is  given  a  standardised  briefing.  This 
briefing  includes  background  InfomiatloD  coocemiztg  the  stody,  the  purpose 
of  the  Ixnrestlgatlon  and  a  thoroo^  e:qplanatloD  of  the  profile*  FoUowiag 
Is  a  thorough  cockpit  check.  Host  of  the  subjects  are  not  fanlllsr  with 
the  Fll^t  Director  Systea  and  xK»e  of  the  subjects  has  .ever  aasn  tl*  Ifaaee 
TTT  altlaeter.  Jcdlnwlng  the  briefing,  eadi  sxibject  Is  peraltted  to  fly  tbe 
slasilator  for  IX)  sLnutes  In  order  to  becctne  accustoaed  to  the  sensltlva  con¬ 
trol  systen*  Upon  coapletlon,  each  of  the  condltldns  is  practiced  one  tine. 

a^qjterlmenter  oust  be  In  the  slaulator  at  this  tlae  In  addition  to  all 
subaaquent  trials  In  oorder  to  nake  the  proper  node  selection  changes  and  to 
reposition  the  slnulstor  upon  C0Bq)letlon  of  each  trlsl.  Tbe  sifbject  Is  told 
that  the  ezperlnenter  will  not  Judge  or  grade  him  in  any  say.  Tlpoe  coBg>le- 
tion  of  the  prachice  trials,  the  subject  is  given  a  10  siln>rte  bradk*  Tbe 
erperisaental  trials  for  purposes  of  data  collection  are  then  perfomed*  A 
tan  alaate  break  is  glren  between  the  fourth  and  fl^h  ^lals .  All  trials 
sn  1— ^  under  the  ezuf^sy*  Sbe  overall  tlms  consua^  by  each  subject  is 
Hear  hoars.  Actml  rmuilng  tine  Is  two  hours.  A  questionnaire  is  adsrtnls- 
tsred  at  the  cflB®lsti€»  of  -fte  trials. 
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AIR  FORCE  CONTROL-DISPIAY  IRTEGRATIQH  IROatAM 


Martin  Human  Engineering  Group 
AF  33(657)-86oo 


MEMORANDUM  REPORT:  62-6  2?  April  1968 

Task  NOai  7 

To:  Mr,  E,  L.  Warren 

CC:  Mr,  William  Austin,  Mr.  E.  Bobbet,  Mr,  J.  Charlton,  Mr*  B*  B,  Oarls, 

Mr.  T.  J.  Emerson,  Mr.  S.  G,  Easier,  Dr.  D*  P.  Htint,  Mr*  J*  H.  lfMUrn*, 
Mr,  N.  MacGregor,  Mr.  £.  Vinson,  and  Capt.  C*  £.  Waggoner,  and  all 
members  of  the  Martin  Htiman  Engineering  Group. 

From:  J.  E.  Brown 

Subject:  Mark  lV-£  Development:  Work  Statement:  Equipment  Requirements 
for  Preliminary  Measurement  of  Mark  IV-B  Profile, 


The  purpose  of  this  work  statement  is  to  set  forth  the  requirements 
for  measurement  equipment  for  the  purpose  of  obtaining  some  preliminary 
measurement  of  the  flight  profile  of  the  Mark  IV-B  vehicle.  This  profile 
Is  the  same  one  used  in  the  Misslon-Equipment-Fuictlons-Task  Analysis 
(MEFT)  and  is  shown  in  MR  61-20  dated  31  October  I96I.  However,  the  pro¬ 
file  Indicated  in  MR  61-20  has  not  been  empirically  verified.  In  fact, 
data  which  would  furnish  a  more  complete  description  of  the  vehicle  per¬ 
formance  is  still  lacking.  It  is  felt  that  seme  Information  could  now 
be  supplied  by  use  of  the  Hypersonic  ME-1  which  utilizes  the  same  aimilog 
computers  as  will  the  Mark  IV-B.  Data  gathered  from  the  Hypersonic  HE-1 
will  not  only  be  used  to  describe  the  vehicle  performance  characteristics 
but  will  also  allow  further  description  of  the  operator’s  tasks. 

Perhaps  the  most  important  question  which  can  be  most  readily  answered 
by  the  simulation  data  is,  "Can  the  profile  be  flownt"  At  present,  this 
question  can  not  be  answered  without  data  from  the  simulator. 

In  order  to  gather  as  much  Information  as  possible  about  the  flight 
profile,  the  following  measurement  and  measurement  equipment  are  requested: 


Neasures  ...  Iquljwnt 


A*  Profile  Measurement 
3.*  Altitude  ve.  Range 
Ground  I^th  or 
a*  rangex'^^s  .'TIbb 
b«  rangeyvs*  time 
3o  Ifcth  Angle 

a«  Heading  »  r 

Plight  iAth  Angle  •A' 


X»T  Plotters  (preferably  vlth  two 
different  gains) 

And/or 

1  X-T  Plotter  and  one  5-CbanQlil 
Oscillographic  Recorder 


B.  Attitude 

1.  Angle  of  Attack  « 

2»  Roll  Axigle 

3»  XKtf  Angle  *  Side  Slip 

b* '  Pitch  Angle  •  #' 

ei  Angle  of  Attack  Path 
Elevation  Angle(/*’) 


^•Chsmncl  Oscillographic  Recorder 


Notion  Along  Path 
!•  Altitude  «  h 
2m  V  Rate  of  Change 
(r/C  or  R/D  ) 

3,  Indicated  Velocity  (ft/sec)*  Vit 


r.ff 


Altitude 


3<Cbannel  Oscillographic  Raoopder 


4.  True  Velocity/Velocity 

Of  Bound)2^ 

5»  G-Load  «  IT 

a.  An'  eiBooeleratioas  in  vesical 

'■■'a^s. 

h«  At  •  aeceleratlon  in 
aids 

c.  Ai  «aoeeleratlon  in  lateral 
axle 

HSbellineoui - - - - - - - - - - - 

'ta  adMiion  to  the  above  meaeurenents  it  will  be  necessary  to  measure; 
1.  Ground  Path 


2*  Heading  vs.  Range 
»3»  Pres  Chaaael  Key  for  C^ng  Events 
elf  more  fine  ebanMls  are  availaUILe,  {i  voliild  be  desirable  to  measurm  ^lap 
fMltim,  skid  position^  speed  brake  position,  etc.  for  the  purpose  of 
looking  at  the  effects  of  each. 
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Aiaxaratua 

The  appeoratuB  will  be  the  HyperBonic  In  addition  to  the 

primary  flight  instrumentation  which  will  be  installed^  it  will  be 
necessary  to  have  a  Horizontal  Situation  Indicator  to  furnish  navlga- 
tim  information.  The  BSI  should  be  of  the  type  having  oonoentrlo 
rings  and  should  have  HIE  and  bearing  information. 

Subjects 

Because  of  time  limitations,  it  is  thought  that  the  nustber  Of 
subjects  required  should  be  no  more  than  ten  but  not  less  than  two. 

To  obtain  the  maximum  value  from  the  subjects,  repeated  measures  will 
be  utilized.  The  subjects  will  be  qualified  pilots  (prefereably  with 
Jet  time)  and  will  be  drawn  on  the  basis  of  availability. 

ITocedure 

'  The  subjects  will  be  briefed  on  the  profile  shown  in  MR  6l.£0« 

They  will  then  be  given  ample  practice  tine  to  learn  the  flight  char> 
acteristlcs  of  the  vehicle  and  to  practice  the  profile,  ifter  sufficient 
practice,  the  subjects  will  then  fly  the  profile  a  number  of  tl»s  for 
the  purpose  of  measurement* 

Results 

The  results  will  be  azelyzed  only  with  respect  to  answering  the 
following  questions: 

1.  Can  the  profile  be  flownt 

2.  In  flying  the  profile,  what  are  the  quantitative  values  of 
the  Important  flight  parameters  durii^  each  phMst 

3.  What  are  some  alternative  methods  of  flying  the  profilst 

4.  If  the  profile  can  not  be  flown,  how  should  it  be  ehangsdt 
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MEMORANDUM  REPORT;  62-7  20  JUne  1962 

Task  No.  I  12 

To:  Mr.  R.  V.  Ofbemayer 

cc:  Hr.  Basham,  Hr.  Bryan,  Mr.  Davis,  Nr.  Frost,  Mr.  Easier, 

Dr.  Emit,  Mr.  Kearns,  Hr.  Klemeyer,  Mr.  Lemon,  Nr.  Uppecoed), 
Mr.  Longlaru,  Mr.  McGregor,  Dr.  Muckier,  Nr.  Ostgaard, 

Mr.  Purcell,  Mr.  Rosenbaum,  Mr.  Ruth,  Major  Sumerleh, 

Capt.  Waggoner,  Nr.  Warren,  amd  Nr.  Ilngling,  ax;d  all 
mesibers  of  the  Martin  Htiman  Bzigineerlng  Group. 

From:  W.  K.  McCoy,  Jr. 

Subject:  Pilot  Opinion  rs.  Validity.  A  presentation  given  to  the 
Flight  Control  laboratory,  13  Jbne  1962. 


The  logical  starting  place  for  this  jnroblem  is  to  detendjoe  what 
is  wanted  from  a  manHoachlne  system  evaluation,  or  an  investigation  of 
an  element  of  such  a  system.  There  are  perhaps  four  major  objectives. 
These  are:  (l)  to  predict  the  ultlmte  system  or  elSBsnt  capability, 

i2)  to  predict  the  ultimate  user  acceptance  of  the  system  or  element, 

3)  to  elicit  design  information.  That  is,  to  elicit  specific  infor¬ 
mation  concerning  pcurtlcular  elements  of  the  system.  This  information 
could  be  used  to  Improve  the  system,  and  (4)  to  determine  the  potential 
of  a  system.  That  is,  to  get  indications  from  the  prospective  users  of 
a  system,  pilots,  as  to  what  direction  the  development  of  a  system  might 
take.  Of  course  all  such  studies  might  contribute  to  our  general  under¬ 
standing  of  man-machine  systems. 

The  current  techniques  for  conducting  such  evaluations  usually 
Involve  taking  "overall”  system  performance  measures  while  systema¬ 
tically  varying  the  elements,  both  man  and  machine,  to  detendJoe  idilcb 
elements  produce  the  best  overall  system  performance.  l!]^'*OTOrall” 
system  performance,  I  mean  the  total  system  output.  The  measures  in¬ 
clude  the  man's  output  plus  the  output  of  the  machine.  Figure  1  shows 


such  a  system.  Measure  are  usually  taken  from  the  vehicle  perfoanaaiiee. 
The  systoB  Is  either  simulated  or  "flight  tested"  and  a  sample  of  pilots 
Is  selected  and  used  to  operate  the  system  while  measures  are  taken. 


Figure  1 


Interest  nay  he  in  either  Investigating  pairtleular  elements  of  a 
system  or  In  coogparlng  two  or  more  systems.  In  either  case  It  Is  desir¬ 
able  to  obtain  information  concerning  the  characteristics  and  capabilities 
of  the  Individual  elements,  so  that  the  system  night  be  Improved..  The 
"overall"  system  perfamance  mesmures  do  give  us  the  variability  of  the 
total  system  output,  but  very  little  Infoneatlon  eoneemiag  the  IndlvlAeml 
elements  can  be  extracted  from  such  data.  The  eospUeated  Inrkexmetlens 
between  the  nno  and  the  elements  of  the  systems  and  between  the  elements 
themselves  make  Interpretation  of  the  measures  In  terms  of  any  particular 
element  Impossible,  at  least  In  the  present  state  of  tbs  art* 

Ideally  for  the  most  effective  Investigations  of  a  system,  the 
functional  relationships  between  "what  the  Mam  does",  all  his  out¬ 
puts,  and  "what  the  machine  does",  all  the  responses  of  the  machine. 
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shouU  136  determined.  Such  functional  relationships  would  psx«it  tbs 
optimum  design  of  a  system  so  that  each  element  would  proride  saxlmas 
positive  contribution  to  total  system  output  without  compromising  tbs 
other  elements. 

As  in  the  case  with  most  ideals,  this  is  as  yet  not  possible  to 
achieve.  We  could  conceivably  measure  everything  the  man  does  while 
performing  the  tasks  necessary  to  control  the  system,  but  we  can  not 
measure  "what  he  was  responding  to".  For  example,  in  a  recent  "eye 
movement"  study,  the  ejqperlmenter  was  able  to  record  accurately  where 
on  the  panel  the  pilot  was  fixating,  but  could  not  precisely  deteraiBS 
"what  the  pilot  saw".  That  is,  he  could  not  determLno  with  preeisioo 
what  the  pilot  was  responding  to.  This  shows  clearly  why  we  cannot 
tie  down  the  pilot’s  responses  to  specific  characteristics  of  the  maehine. 
That  is,  we  cannot  yet  determine  functional  relationships. 

The  lack  of  information  in  "overall"  system  perfoormance  measures 
concerning  the  specific  elements  makes  questioning  tbs  pilot  not  only 
desirable  but  necessary.  Also,  Infarmatlon  concerning  the  ultimate 
acceptance  of  the  system  by  the  user  should  probably  cosm  from  the 
user. 


The  Infarmatlon  to  be  elicited  from  pilots  could  be  divided  into 

six  categories,  these  are  as  follows: 

(1)  Pilot's  self  analysis  of  his  tasks: 

A.  Status  InformBtion  (Did  he  know  the  status  of  the  system  at 
all  tlmha). 

B.  Bid  he  know  what  to  do  at  all  times? 

C.  Bid  he  know  when  to  do  it? 

(2)  Pilot's  Judgment  of  system  perfommnce: 

(3)  Beslgn  information: 

A.  Specific  questions  concerning  the  elements  of  the  system 
(control  and  display). 

(h)  Acceptance  information: 

A.  Willingness  to  use  the  system. 

B.  Need 

C.  Preference 

(^)  Fidelity  of  simulation: 

A.  Questions  to  enable  the  investigator  to  datarvLne  whathor 

or  not  ha  has  achieved  a  reasoaabla  degree  of  reporesootative- 
ness  in  almulating  the  envlroomant  to  which  predletloos  will 
be  made. 
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(6)  Iqolipeot  operation: 

Ao  Quest! one  to  essibls  the  larestlfstar  to  detemliie  whether  er 
not  the  equlpnent  used  In  the  stndy  fWMtloned  as  was  asrand 
during  the  "ewalnatloo.'' 


With  these  inforoatlon  requlreaents  In  Bind  we  can  consider  sone 
prObleas  Involved  In  obtaining  a  "valid”  technique  for  eliciting  such 
infomation. 

First,  we  night  consider  the  pilot's  task  in  naklnr  the  "deelgn 
Judgnents”  we  call  for.  Traditionally  In  fU^t  testing  the  pUoi's 
task  was  relatively  slBqple.  He  was  told  to  fly  various  profiles  and 
detemine,  usually  on  a  check-list  basis,  whether  or  not  the  various 
elements  of  the  systen  functioned  properly.  The  Judcpwnis  were  singly 
"it  worked”  or  "It  didn't”.  How  we  ask  ccmslderably  nore  from  the  ]^loi 
He  Is  asked  to  aake  subtle  Judgnents  such  as  those  eoneemlng  nuniber  wiarn, 
panel  arrangement,  lighting,  control  pressures,  gain  settings  and  naay 
others.  These  are  many  times  very  subtle  Judgments,  and  to  co^^cate 
things  we  ask  him  to  do  It  while  performing  the  tasks  necessary  to  con¬ 
trol  the  system.  Possibly  we  expect  too  much.  At  present  we  must  assume 
that  the  pilot  can  make  the  Judgments  we  ask  for  but  the  assuaptlon  is 
certainly  questionable. 

Assuming  that  the  pilot  Is  a  "valid"  source  of  infomation  still 
leaves  problems  In  obtaining  valid  measurement  of  his  responses. 

Validity  has  a  number  of  meanings  eusd  has  proved  to  be  a  difficult 
concept  to  tie  down  to  our  measurement  problem.  The  nost  general  con¬ 
cept  of  validity  which  asks,  "Does  this  test  measure  what  we  stqppose  it 
to  measure?",  does  not  seen  to  have  much  utility  for  oufjproblen.  Con¬ 
cerning  pilot  opinion,  we  must  assume  that  we  are  measuring  pilot  opinion. 
Thus,  we  would  need  some  "true  scale"  of  pilot  opinion  against  which  we 
could  check  our  measures.  Ve  have  no  such  scale,  so  generally  we  use 
some  other  Independent  measure  of  opinion  to  check  our  experimental  mea¬ 
sure.  If  the  two  measures  agree,  the  best  we  csui  assume  is  that  ve  have 
consistent  results,  because  the  possibility  exists  that  both  measures 
could  make  the  same  type  of  errors.  If  the  measures  do  not  agree  we 
cannot  tell  which,  if  either.  Is  valid  and  which  Is  not.  Validation 
of  our  measures  under  this  criterion  does  not  seem  pronlslag  at  all. 

Test  and  smasurenent  psychology  cites  four  types  of  validity  in 
the  literature.  These  are  more  or  less  operatlonid  definitions  whioh 
differ  In  the  aspect  of  validity  that  Is  of  major  concern.  The  first 
two  types  are  statistical  validities.  That  Is,  there  are  statistical 
procedures  for  determining  the  degree  of  validity  achieved. 
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«  BredlctlTe  vmdl'^.  Predictive  valldltx  evalmted  \iy  ihev> 
log  how  well  predietlODa  aade  froa  the  teat  ere  eoBflzaad  hgr 
subsequent  observation.  The  30st  eoason  eagr  to  Ohhek  prodlo- 
tlve  validity  is  by  correlating  test  scoores  with  soae  snibsequeat 
criterion  measures. 

2.  Concurront  Validity.  Concurrent  validity  Is  evaluated  by  showing 
how  well  test  scoores  correlate  with  soae  concurrent  status  or  fsr- 
fomance.  This  Is  similar  to  predictive  validity  except  for  the 
point  In  time  at  tftilch  validating  criteria  are  selected.  OhuaUy 
the  measures  are  obtained  simultaneously^  or  at  least  about  the 
same  time.  The  most  conaen  reason  for  seeking  concurMnt  vali¬ 
dity  is  to  substitute  one  measure  for  another. 

The  second  two  types  of  validity  are  logical  validities.  That  Is^ 
there  are  no  statistical  methods  to  determine  the  degree  of  validity 
obtained. 

3.  Content  Validity.  Content  validity  Is  evaluated  by  shoving  hew 
well  the  test  samples  the  class  of  situations  or  subject  matter 
about  which  conclusions  will  be  drawn.  This  must  be  decided  om 
a  logical  baslSj,  usually  by  eiqpert  opinion. 

4.  Construct  Vay.dlty.  Construct  validity  Is  evaluated  by  Investjb 
gating  what  "psycnologlcal  qualities*  a  test  measures  by  damom- 
stratlqg  that  certain  explanatory  constructB  or  theories  aoeownt 
for,  in  sons  degree,  the  performance  on  the  test.  This  eonooft 
is  used  when  interest  le  In  validating  theories  or  eonstroote* 
Defining  the  "psychological  qualities”  assuawd  to  ba'imeaeured  ' 
by  a  test  is  dons  on  a  logical,  bauils. 

Por  our  problem  of  eliciting  "valid”  pilot  opinion,  two  of  these 
types  of  validity  seem  most  crucial.  To  obtain  design  lafomatlon  froei 
questionnaires,  the  questions  for  this  purpose  would  need  to  have  hl|^ 
content  validity.  That  Is,  the  responses  of  the  pllotB  to  8Ui(di  questlems 
must  have  precise  meanings  In  terms  of  design  parameters.  Ws  can  omly 
rely  on  the  cq^nlons  of  experts  to  decide  whether  or  not  ve  have  oonteal 
valid  questions. 

For  predicting  the  ultimate  user  acceptance  of  a  eystem  or  elmmemt 
of  a  system  the  questions  for  this  puxpose  would  need  to  have  high  pre¬ 
dictive  validity.  Ab  pointed  out  above  we  can  etatistleally  cheek  the 
predictive  validity  by  correlating  our  msaeure  vlth  seme  eubncquent 
criterion  measure.  But,  detemlng  such  "criterion  meeeuges*  Is  no 
aiwtil  task.  Many  of  the  problems  we  encounter  in  constructing  some 
measure  of  opinion  are  Involved  also  In  determlBlag  tbs  criterion  for 
validation. 
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Wi  vuipoM  m  an  —Muring  pilot  ofliilflB*  lafacu  —  «aa  attaivt 
Mgr  noort  of  rmUdatlon^  —  —at  be  aura  tbat  our  —a  la  raUaUa* 

Igr  reliable,  I  — aa  that  our  — aaure  will  paroAu—  ee— Istant  raaulta 
If  appUad  to  the  aa—  aaaple  again  and  again,  provldad  that  ear  aagpla 
bM  reeeiTed  no  nav  infor— tion  about  tha  apstaa  or  ala— at  about  uhi^ 
they  hare  expressed  opinio—.  This  Inplies  that  opinion  la  a  relatl— ly 
stable  quantity.  Is  Itt  Can  ae  msu—  that  pilat  oplai—  vUl  aary  only 
vlth  the  syste—  or  ele— nts  being  Inrestlgatadt  Or,  are  tharo  othar 
factors  not  eontroUsd  by  our  — asnre  that  have  a  slgaiflooat  affaet  — 
opiniODt  Wiat  about  the  biases  and  notiTss  of  the  pilatt  da  psyehOloglata 
we  know  that  these  things  do  affect  opinloo,  but  —  do  not  Kn—  the  / 
degree  or  direction  of  the  effect  since  our  nsMuraa  do  not  control  for 
such  variables. 

The  —Jar  concern  of  this  paper  is  the  validity  of  pilot  opinion 
■easures,  but  it  is  dear  that  Talidation  under  any  eonoapt  is  not  f— • 
slble  until  we  haws  achiered  reliable  —urea.  Pnhaya  C.  A.  Oai— r*o 
work  with  a  derlce  called  the  "Senantlc  DiffOrentlid*  ahfl—  tha  a— t 
proolse  inttns—  of  stable,  or  co— latent  results.  It  h—  been  tiaed 
only  three  tl— s  at  present  but  the  results  have  been  e— euragiag. 

More  effort  with  this  device  is  now  in  progress.  If  it  can  ba  shown  to 
be  a  reliable  n—suxe,  validation  attenpta  will  prcMbly  bo  nade. 
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Froms 

SuijWis 


V.  K.  McCoy,  Jr 


flwantlc  Dlffereatial 

The  Seoaatlc  Dlffereatial  la  a  coadilaatloa  of  vord  aaaoolattoo  aod 
acallag  techalquea  dealgnad  to  elicit  labereat  feellaga  or  attltudea. 

Ihla  device,  aa  uaed  for  laitraneat  evalaatloa  la  fully  deacrlhed  liy 
C.  A*  G^lae' Neii^randua.’)^^  61-23. 

la  the  loveatlgiatloa  of  the  Nicro-Vlaloa  dlaplay,  the  five  auihject 
pllota  received  the  Seaaatlc  Dlffereatial  three  tliaaa  durlag  the  Isvea- 
tlgatloa.  The  firat  one  aas  adalalatered  before  the  pllota  received  any 
first  band  experleaoe  vlth  the  Mlcro-yielon  display  aad  only  Halted 
lafonatloa  concerning  Its  use  (pre -briefing).  The  aeopod  differential 
eas  given  after  the  pilot *b  orientation  fll^t.  That  la,  after  the  > 
pilot  bad  had  a  detaHed  briefing  on  hMto-TIsIob  anl'ael^lly  flQMd  » 
several  approach  profiles  usiiig  the  mcn^Ylslon  display  (jMist-O^ei^tioo). 
The  final  aaaantlc  differential  eaa  gltUn  after  the  pilots  had  flovajl^.. 
flights  la  the  Investigation  (post-test).  Obtalalnd;  data  at  these  tteM 
points  In  the  progress  of  the  Investigation  ser^  to  Indicate  any  dHtngss 
la  the  pilot's  feelings  or  attitudes  tosax^  the  Mlero-tislon, display  as 
they  received  nore  Inf oxhatlon  about  the  display  and  nore  ek^lener  namg 
it. 


Remits 


H 


Figure  1  shows  the  aean  profiles  for  all  five  pilots  os  all  three 
semantic  differentials  (pare -briefing,  poet-orlentetlon,  and  poet-test). 

It  is  apparent  that  there  was  little  cbaiife  In  the  profiles  along  tiM 
negative -positive  dimension  as  the  lnvesti|st(loa  por^igressed. 

Nr.  Gainer  points  out  three  possible  Interpretations  of  such  a 
result*  These  are  as  follows} 

1.  The  pilots  conflmed  tbelr  Initial  attitudes. 

2.  pilots.,  were  hesitant  to  ehany  their  Initial  attitudes. 

3*  The  system  (mcro-Vlsion  Sis]^nar)  perfonsed  as  they  tbouii(tit 

It  would.  ' 

I 

Since  there  were  only  five  subjects  used  In’^this  Investigation,  . 
this  result  swst  be  Intez^^ted  with  caution.. .  S^e  tte  nedn  jprofllee 
rSporesent  the  average  of.  all  five  pilots,  one  p(|.lot's  dmta  eotw  obn- 
eelvably  distort  the  **0000  prof  lies".  In  this  investigation,  thre# 
pilots  were  fairly  cooeleteht  In  showlsg  a  "gioeltlve  ehift"  nblle  the 
two  remaining  pilots  were  fairly  eonSletaat.la  ehoelng  a  "negative 
ehift" .  The  Individual  profiles  for  sach  subject  are  ehovn  la  Figures 
S  through  6.  When  the  five  profiles  are  "averaged"  the  reeult  is  hean 
profiles  that  show  little  obaage.  nie  ineonslstancy,  the  3-8  apUt  In 
attitude,  suggeete  that  a  larger  sanpls  of  pllete  Is  needed  to  better 
Oitlmate  the  attitude  of  the  pilot  population,  lo  such  estimate  can 
be  Made  from  this  series  .'of  differentials. 

Further,  using  such  a  device  as  the  semantic  differentlsl  re^iO^s 
that  the  subjects  "evaluate"  the  system  under  uniform  conditions.  ^Ehat 
Is,  all  subjects  should  hnve  the  same  or  approodmately  the  same  "anperlinee" 
with  the  system.  In  this  investigation,  the.pHote  flew  approach  prof  lies 
using  the. system  while  several  factors  varied  (runway  used,  nuoAier  of; 
^hinetlotaal  beacons,  and  weather  or  wixid  conditions).  Thus,  the  pilots 
Uotually  ** evaluated"  different  systems  depending  upon  the  conditions 
-prevailing  during  their  ^artleulsr  flights.  This  wpuld  contribute  to 
the  variance  In  the  Individual  profiles  on  the  differentlsl*  If  It  is 
desired  to  evaluate  the  system  under  a  Isrn  variety  of  eoodltlonii< 

Hany  more  observations  (l.e.  moors  eubjeeta)  are  needed  to  obtain  stable 
estlmetea  for  the  pazmmetere  of  Istereet  (^lot-perfomance  and  pilot - 
preference). 
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ft\ie»tloPBalre 

A  thirty-el^t  itea  ^uestiomialre  vas  eonatrueted  to  elicit  lafOr- 
aaitioo  eoDcernisg  tbc  mxmx  In  vhleh  the  pLlete  vaed  the  dieple^  end 
their  ideas  for  iagprorlng  the  displsgr*  fbe  fasetionaalre  sae  ditldad 
into  three  paztst  qi:aestlon8  pertalniac  to  the  first  pert  of  the 
approach  profile  (frtsi  th«  outer  eer)^  to  the  aidtle  asrksr)*  iEZ, 
qjueeifclOKie  pertaining  to  the  second  pa£rt  of  the  appreeeh  profile  (free 
the  middle  marker  to  the  hreakoff  point  from  alero«>Tdii&on  to  Mtoide  . 
yr&)  and  m,  questione  of  a  general  nature  eoBoeralili  ImproveMsnts.  > 
that  iBlUht  he  made  in  the  display  ayatem»  the  Talmthle  eharaateHLet^ 
of  the  display  system  and  the  shortcondags  of  the  display  systeh*  ne 
questionnaire  has  heen  dopllcated  in  the  Appsndln  along  with  the  re¬ 
sponses  of  the  pilots* 

The  pilots  found  that  the  alcro-ylsioa,  display  s^tea  aas  moat 
taluahle  .dufing  the  stpsnd  half  of  the  approach  profile  an9  that  Its 
most  valmnie  eharacteristic  mas  its  use  as  a  Icfcallser  for  "lining 
up"  on  the.  runway*  (see  questlona  1  and  6,  part  If  question  1»  iPart 
Itj  questions  20  and  23,  part  XU).  !  . 

Apparently,  the  pilots  felt  that  the  display  s^^tam,  in  iti  present 
stags  of  doTelosnent  pas  no  hatter  then  the  ctcrrsntiy  operational  Nipproaoh 
to  land"’ ■'mteoM  (see  question  22,  pert  m)*  This  mas  indloated  hy  the 
"Umitatlons"  placed  on  the  use  of  the  display  hy  the  pilots* 

The  first  six  questions  of  port  HI  Indledted  what  edditione  the 
pilots  thoitight  would  laprofs  the  display  systssi*  <|ilmiStlon  U,  part  XH, 
indicated  that  practice  #iag  the  display  aysteei  did  Ihereaie  tM  pildt's 
coafidenee  in  It. 


'  iNnnetry 

In  order  to  determine  the  pilot's  attitude  toserd  the  mlero-vlBion 
display  system  and  to  elicit  coonnts  concerning  the  walusbls  character¬ 
istics  and  shortcomings  of  the  dispUy  flMtsgi,  £s  4*^0  present  stage  of 
development,  two  techniques  sere  ose4»--,-4^ot8iiM>Hhilltffer  was 

used  to  ilndloate  any  changes  in  ettltUdh  %0lNrd'tl^  during  tto 

progress  of  the  Invustlgation,  as  the  pilist  suhjeets  obtainsd  more  i£fOf- 
aatlon  shout  the  system  and  acre  experlMkce  using  it,  Also,  a  thirty- 
eight  itea  questionnaire  was  eonstructed  to  detemlae  hov  pilots  usad 
the  display  systea  and  to  elicit  csaanisto  that  vould  provide  infonsHt^ 
that  would  facilitate  "improvement"  of  the  display  system* 
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Vhtt  reiultt  of  th*  Semitle  Differential  ladleated  that  a  larfer 
saaqple  of  pilots  Is  needed  to  adequately  estlnate  the  "attitude"  of  the 
pilot  population. 

The  questionnaire  data  indicated  that  pilots  felt  that  the  dls]play 
systea  uas  nost  valuable  during  the  last  part  of  an  approach  to  lahB  ' 
profile  (froB  the  adddle  Barker  to  the  breakoff  point  fron  Blero-riiloh 
to  outside  VfR),  and  that  the  most  valuable  Obmcterlstle  of  the  die- 
play  system  was  Its  use  as  a  localizer.  Althou^,  the  pilots  felt  that 
the  system^  in  Its  present  stage  of  developnenti  uas  po  better  than 
currently  operational  "apporoach  to  laud"  systm,  the,  fact  that  they 
were  able  to  use  the  system  to  obtain  infaraatlpn  for  "flying  the 
approach  profile"  and  that  they  indicated  ;scme  additions  that  would 
Improve  the  perfoznance  of  the  aystea  suggests  that  the  alcro-vlslon 
dtaplay  systea  does  have  possibilities. 
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TiBkL  onsnonHOBi 


low  that  you  have  completed  all  of  the  flights  for  this  iDrsstlflhtlOB 
wa  want  you  to  answsr  tbs  following  questions.  Answer  swsry  question* 

I.  The  first  group  of  questions  concern  the  first  part  of 
froB  the  outer  aarker  to  the  nlddle  narker* 


1.  Vas  the  display  an  aid  In  checking  your  aUgoeent  on 
centerllnet 

2*  Could  you  esttsate  your  altitude  from  the  dlspleyt 

3*  Were  you  able  to  estleate  "distance  to  go"  frcn  the 
dlsplayt 

k.  vas  the  iasage  on  the  display  stable  enou^t 

5.  Could  you  estliaate  your  approach  angle  fron  the  dlsplayt 

6.  Vhat  about  the  display  was  nost  useful  to  you  during  the 
first  part  of  your  approaeht 

1.  Ibrallel  lli^ts  (for  aUgoeent  with  runway) 

2.  Use  as  a  localizer 

3*  Aid  In  lining  up  with  runway 

k.  Position  aircraft  on  line  with  tiw  runway 
lot  useful  during  first  part  of  approach 


n*  The  next  group  of  questions  concern  the  last  part  ,  of  you 
fron  the  mddle  narker  to  the  breakoff  point,  fron  micro 
IPR  ■ 


1.  VSe  the  display  an  aid  to  holding  centerllnet 
2*  Were  you  able  to  eetinate  your  altitude  from  the  dlapleyt 

3.  Could  you  eetlmate  your  approach  angle  freai  the  dlcplept 
k.  Could  you  eetlmete  your  alrepeed  from  the  dleplayt 
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5.  W«re  you  able  to  esttaate  your  rate  of  descent  ffOK  the 
dlsplayT 

Did  the  display  pron.de  cuss  for  detexaloing 
Wtcht 
Rout 

Taw? 

7,  Could  you  estinate  rate  of  closure  with  the  ruasay 
froa  the  display? 


HI,  Ihe  foUowing  group  of  questions  are  of  general  Inter* 
the  display. 

1,  tfpuld  the  eiddltlon  of  more  runway  beacons  significantly 
laprowe  the  dlsplayt 

2,  Would  the  addition  of  approach  beacons  laprove  the 
display? 

3,  Would  you  like  a  horlkon  reference  on  the  dlsplayt 

I 

4,  Would  a  touchdown  pc^nt  on  the  display  lagrove  Itt 

3.  Would  the  addition  ot  a'  gUde  slope  referenee  Inprowe 
the  dlsplayt 

6.  list  any  other  iaproveaents  you  see  Itet  ai|^  be  aadet 

1,  Bangs  infomatlon 

2,  KLace  display  on  windscreen  -  use  display'  with  IIS  • 

3,  Center  light  on  appedacb  end  of  ranMy 

4,  I'.'  .  . 

5,  Beacons' perpsndleular  to  approach  end  of  ransay  for 

'  '  Indicating  position  relatlW^  to  centerline .  . 

7.  Could  you  easily  see  the  display  at  aU  tines  during  your  i  ~ 
approacht 
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8.  Oas  It  aaey  to  interpret  the  infonlatioo  gtteii  on  ^ 
dlspleyt 

9.  ibid  yoa  UKe  tlie  j^ltion  of  the  dieplay  oo  ih»  pdatlt 

f  .  ■  '■  ■' 

10.  ifere  you  able  to  thcOrpoMkte  the  dieplay  Into  yoor  aortteL 
cross-check  pattern  easllyt 

11-  Vhat  Instruaent  kid  you  abet  often  cross-check  irlta  the 
dlsplayt 

1.  HOI 

2.  HSI 

3.  Heading 

k.  Airspeed 

Airspeed 

32.  Did  you  look  at  the  display  as  o^ten  as  you  look  outside 
during  a  nomal  vnt  approach? 

13;  Did  practice  using  the  display  Increase  your  confidence 
In  Itt 

Ik,  Has  the,  display  adequakely  explained  to  you  hefore  you 
used  lit 

15.  Did  any  function  of  the  display  surprise  yout 

16.  Did  you  haxe  adequate  prstetlee  using  the  dlsplayt 

17.  After  practice  did  you  hate  to  vork  as  hard  to  approach 
as  when  on  outside  tFRt 

Harder? 

18.  Did  the  equipment  operate  as  you  iwre  told  it  toiXdf 

19.  Could  most  pilots  adapt  easily  to  the  Mtcko-l^lOB 

dlkplayt  I 


Ik 
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20*  tfhsre,  or  at*  wBair  point  of'  yocbr  approach  was  tha  .dliqp(||^  aoat  aHnahlat 

1.  Outer  Barker  to  alddle  Barker 

2.  last  300  feet  of  altitude 

3*  During  last  stagee  of  approach 
h.  last  1/2  alls 
%  filial  llile 

I'f-  " 

Ultyt 

1.  Nuoageable  rate  of  ehange 

^  2.  Best  use  as  loealiser  with  leu  evaes-oheek  of  heeding 

3*  It  functioned  as  X  eapeeted  and  «M  eaglaet  to  interpret 

k,  Inforaatlon  "hrohe  oat”  and  «as  iiBlar  ^  latomcat 
Sufficient  elM  and  clear  eneui^  SO  tell  iQeitlii|y;2fl^fttc. 

21.  Oould  yfi»  suggest  a  better  penel  arrangeaili^^  tH^  .the  die  uied  la  this 
laveetlgatlont  Bsplala*  cit. 

l.  Bo 

2*  Tes,  center  it  (OB  Skbe) 

3*  Tes,  project  It  on  ailieereea 

h.  Tes,  place  BBI  001* -rertleal  teloelify  laiiMtir  oa  9$mM  eiesatlon 
5.  Tea 

A/i  '"ADI  Alt 

K\r  HSI  r/C 


22.  ffhat  llBitatlons,  If  any,  would  you  place  on  the  use  of  ttAa  dlsplAart 

1.  Should  not  be  used  for  lor  approaoh  until  <tol|piihp  iifh|roved, 

2.  Do  not  reeoMsnd  It  be  used  for  landing  alBlililA  3i|ae  than 
IZS  or  In  strong  cvossvinds* 

3.  Vould  not  fly  wlthoiut  other  epproaoh  systaa 

a.  Use  as  transition  aid  in  approaohea  fron  IM  tbSSilA  te 
fIRT.D.‘e.  ^ 

3.  300*  iBlle 

23.  k»t  were  the  most  valuable  characteristics  of  the  Msteait  ~ 

1.  The  dlverglBg  cbaraoterlatio  of  the  tlmhs  u|eh.;|iAkf 

2.  Runway  allgnsent  the  last  l/k  sUe* 

J*  Runway  allgnBSBt 

*  Setting  ol^r  to  aero-sero  oopahlUl^* 

3*  Final  apprciaoh  fron  BdnDSBSS  w  eter  f*84 


15 


Vhat  otb«r  um  alf^t  be  Md«  of  this  aytaT 
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1.  t 

2.  Don’t  knov 

3*  t  ! 

tt  UOe  for  ajproach  to  nnlil  floU  anA  at  ali^t 
Possibly  astablish  and  jo^dant  gUda  slajpa 


What  was  the  njor  difficulty  you  eacountared  using  systssit 
1«  Shaking  of  dots 

2*  Over  corraoting  —  very  poor  altitude  va*  range  coutz^]^ 
3*  Hitting  tte  runway 

4*  Altitude  determination  as  I  approaehed  apd  of  runway  add 
eonfusloa  over  runway  presentation  after  over  9tDt ' 

3*  Trying  to  estimate 'shift  correction  needed  add  vertical 
descent  to  establish. 
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Subjects  Wt'rkstatftment  fcr  Scale  Factors  for  Morlng^  TNpe  Inatruments 


Introauetir® 


It  if?  often  the  case  that  flight  demands  require  aircraft  instru¬ 
ments  to  be  installed  before  experimental  evidence  can  confirm  the 
selection  of  certain  design  parameters,  (i.e.  size  of  graduation 
marks,  spacing  of  numbered  units,  etc.)  Bast  research  on  Instrument 
design  has  yielded  a  vealth  of  information  concerning  the  effect  of 
physical  design  variables  on  the  reading  of  instrimtents.  Readers  are 
herein  referred  to  8,  1^  aiad  28  for  excellent  summaries  of  work  done 
in  this  aj/ea.  As  evidenced,  the  research  has  been  confined  to  studies 
on  circular  Instruments.  Tise  and  flight  requirements  however,  have 
necessitated  generalizations  of  results  of  these  studies  (from  circular 
Instruments)  to  vertical  instruments  without  the  endorsement  of  experi¬ 
mental  evidence. 

Since  the  favorable  results  of  the  DSAF  Vertical  Instmment 
Brogram  (2),  more  consideration  has  been  given  to  development  of 
vertical  H'isplays  with  moving  tapes.  Research  in  this  realm,  however, 
has  been  confined  to  analytical  or  experimental  work  (on  vertical  dis¬ 
plays)  for  specific  fli^^ht  parameters,  such  as  altitude,  or  mach. 

(see  j,  9?  W,.  21,  2^  ^  27)  In  the  search  for  more  efficient 

means~bf  displaying  J nf orma?ion“Tn  ^1^  performance  aircraft,  increas¬ 
ing  use  has  been  made  of  vertical  instruments!  yet  little  experimental 
work  has  been  done  on  identifying  those  scale  variables  that  effect  speed 
and  accuracy  of  reading  moving  tape  Instruments.  Work  of  this  nature, 
in  addition  to  siiqplifying  pilots '  task  of  interpreting  information, ^ 
would  facilitate  the  screening  of  preliminary  display  designs  for  verti¬ 
cal  instruments. 


It  Is  the.  yorpoce  of  ibis  paper  to  outliae  an  experuaental  approneh 
of  identifying  tboae  aeale  ebpvaeteriatics  tbat  contribute  to  reading 
speed  and  accuracy.  Nr.  Cbarlea  A.  Gainer  of  Martin  Bunan  IngineerlnB 
Group  Initiated  direction  of  tbe  proposed  study  tax  scale  factors.  His 
analytical  works  on  scaling  of  wertlcal  displays  can  be  foMxid  in  Nirtln 
Memoranda  lunibers  36;  101^,  and  1^3  (ref.  Bo.  ^  and  U  respectlrely). 


Statement  of  the  Problem 


In  order  to  secure  data  m  characteristics  that  will  proirlde 

known  degrees  of  reading  accrmcy^  it  is  proposed  to  conduct  a  study 
on  scale  factors  —  defined  as  size  of  the  interval  between  numbered 
units  —  for  moving  tape  instruments.  The  study  will  be  carried  out 
in  two  phases i  (a)  Static  Legibility  Investigation^  and  (b)  Dynaalc 
Tracking  Situation.  Setedls  @f  Pbase  B  will  be  specified  at  a  later 
date  since  they  will  he  directed  by  the  results  of  Phase  A. 

The  purpose  of  Itaase  A  will'  he  to  identify  those  scale  character¬ 
istics  that  contribute  the  greatest  —>  either  singly;,  or  in  combination 
to  scale  resolution  (legibility).  Resolution  will  be  determined  by 
amount  of  error  occurring  error  being  the  ahsolute  magnitude  of 
deviation  of  a  subject’s  reading  from  the  "true”  reading.  More  will 
be  said  of  this  measure  further  in  the  nemo. 

Typically  aircraft  instruments  are  read  by  10^  100  or  1000.  For 
example,  the  aircraft  heading  is  numbered  3j>  K,  12,  etc.,  when  in 
fact  it  is  read  as  30,  60,  1,  120,  etc.  The  altimeter  is  nvpsbered  1, 

3»  etc.,  and  actually  is  read  1000,  2000,  3000,  4000,  etc;'  There¬ 
fore,  provisions  have  been  made  to  give  prime  consideration  to  the  effect 
of  scale  factors  on  the  accuracy  to  which  the  scales  can  he  read  by  10, 
100,  or  1000.  For  the  purpose  of  this  experiment,  these  will  he  labelled 
powers  of  10;  10^,  10^,  and  103. 

.  '  It  is  expected  that  results  from  the  static  legibility  investi¬ 
gation  will  yield  cvirve  information  of  reading  error  vs.  scale  length 
depicting  an  increase  in  error  associated  with  increasingly  smaller 
scale  factors.  At  the  other  end  of  the  contlmum,  if  the  scale 
factor  is  large  enough  so  tlAt  only  one  number  could  be  seen,  it  is 
expected  that  errors  would  again  increase  because  of  lack  of  "direc¬ 
tional''  cvies  to  the  reader.  This  latter  expectation,  however,  will 
not  be  investigated  in  the  present  study.  Thus,  given  a  specified 
error  tolerance,  the  scale  factor  that  Is  "best",  or  stated  in  another 
manner,  the  scale  factor  (of  those  under  investigation)  that  results 
in  the  greatest  resolution  or  least  error,  csan  be  selected  directly 
from  tbe  curve. 
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error 


Figure  1.  Note  that  the  curve  on  the  right  is  the  reciprocal  of  the 
curve  on  the  left.  Results  of  the  study  will  be  expressed 
in  one  of  these  forms. 


W.  F.  Grether  (]^)  reports  essentially  the  same  type  of  curve  infor¬ 
mation^  although  his  results  were  a  function  of  dial  diameter^  along  with 
spacing  of  scale  divisions.  The  expectation  that  e^qpanslon  of  a  scale 
tends  to  Improve  performance  is  given  further  credence  by  results  of  the 
following  studies  23^  2^^  ^).  On  examining  their  reported  per> 

formance  differences  on  circular  displays  vs.  vertical  dlsplaySi  those 
displays  —  whether  circular  or  Vertical  —  having  the  greater  scale 
factor,  resulted  in  better  performance  scores. 

After  delineation  of  the  scale  variables  that  contribute  the  great¬ 
est  to  resolution,  it  would  be  operationally  valuable  to  test  them  in 
a  dynamic  tracking  situation  —  Phase  B.  In  this  phase,  moving  tapes 
instead  of  static  pictures  of  scales,  will  be  used.  Rates  of  tape  move¬ 
ment  will  be  specified  at  a  later  date.  Using  the  same  variables  as  in 
Phase  A,  the  information  derived  from  Phase  B  will  presionably  allow  con¬ 
struction  of  two  additional  curves;  reading  error  vs.  rate  of  tape  move¬ 
ment,  and  reading  error  vs.  scale  length. 

This  first  curve  should  show  an  Increase  in  errors  as  the  tape 
movement  becomes  more  rapid,  so  as  to  eventually  cause  "running  together", 
or  blurring  of  the  numbers. 

The  second  curve  resulting  from  Phase  B  would  not  be  sepcuate  and 
distinct  from  the  reading  error  vs.  scale  length  curve  in  the  static 
studyl  Rather,  it  should  yield  data  comparable  with  this  latter  curve, 
provided  the  following  assunqptlons  sure  borne  out;  (l)  results  from 
Phase  A  conform  to  previously  established  expectations,  (2)  addition 
of  rate  of  tape  movement  variable  does  not  change  the  main  effects  and 
interactions  of  the  experimental  variables  reported  in  Phase  A. 
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From  the  static  and  dyaaoii  studies >  the  ingredients  necessary  to 
fulfill  the  prupose  of  the  scale  factors  program  will  have  been  esta¬ 
blished.  Given  a  specified  numerical  range  to  be  covered  and  the  read¬ 
ing  accuracy  req,ulred  in  the  use  of  the  instrument,  it  would  now  be 
possible  to  specify,  with  a  known  statistical  probability,  the  degree 
of  accuracy  that  can  be  achieved  with  a  given  scale  factor  and  also  a 
given  rate  of  tape  movement. 

Readers  nay  wonder  at  this  point  why  it  is  necessary  to  do  a  static 
display  study  first,  rather  than  Incorporating  the  program  Into  one 
dynamic  e:^riment.  Several  considerations  entered  In  the  decision  to 
utilize  two  ]^8eB.  In  a  research  program,  such  as  this.  It  is  important 
to  assess  the  relative  effects  of  the  scale  variables  to  get  a  base  line 
measure  of  their  contributions.  Incorporating  a  movement  variable  in 
the  same  stvtdy  would  serve  to  confound  the  effects  of  the  scale  variables. 
It  would  demand  inclusion  of  other  variable?  to  consider,  such  as  motor 
skill,  type  of  control  stick  to  use,  etcti,  such  that  isclation  of  the 
effects  of  the  scale  varlablss  would  be  difficult.  Secondly,  since  the 
static  study  will  allow  us  to  isolate  the  variables  considered  to  be 
Inpogrtanty  we  will  be  in  th-s  position  to  determine  the  effects  of  these 
variables  and  their  interactions.  It  may  be  that  scale  factors,  assumed 
in  this  experiment  to  be  a  major  contributor  to  scale  reading  accuracy, 
turns  out  to  have  a  minimal  effect,  Altho^jigh  there  a  small  possibility 
of  such  an  occurrence,  there  has  been  far  too  little  research  done  on  the 
contributions  of  various  markings  enhancing  readability  of  vertical  scales, 
to  warrant  an  inclusive  dynamic  study.  Finally,  overall  cost  of  the  pro¬ 
gram  can  be  kept  down.  The  proposed  static  study  requires  slsple  and 
inejq^nslve  equipment.  But  mote  inportant,  any  changes  needed  to  con¬ 
tinue  the  study,  due  to  results  from  the  static  investigation,  can  be 
done  without  retrofit  of  equipment,  cr  repeating  the  entire  experiment. 

The  remainder  of  this  paper  will  be  devoted  to  detailing  the  experi¬ 
ment  for  Ihase  A  —  Static  Legibility  Investigation,  A  memo  specifying 
experimental  design  for  Phase  B  will  appear  la+er. 


Variables  under  Investigation  Phase  A 


Scale  reading  is  affected  by  so  many  display,  environmental,  and 
reader  characteristics  that  it  would  be  difficult  to  study  all  but  a 
few  of  those  related  to  the  experimental  task.  Below  are  listed  the 
independent  variables. expected  to  contribute  significantly  to  legi¬ 
bility  of  straight  scale  Instrum's,;  t*. 


♦ 


k 


(1)  SceiX»  fftctora  Defined  as  site  of  the  Interval  hetween  ntadtered  units* 

The  three  experimental  Interval  sizes  will  be  1-3/8  Inches,  1-7/8 
inches,  and  2-3/8  Inches.  Using  these  values,  the  aaxlanm  nusiber  of 
nuabered  units  showing  at  any  scale  position  (read  line  is  fixed)  will 
be  3t  and  the  minimum  number,  2.  More  than  5  numbers  viewed  on  the 
scale  would  tend  to  clutter  the  display.  Fewer  than  2  numbers  would 
hinder  anchoring  of  the  read  line  setting,  so  that  readers  would  have 
difficulty  in  determining  either  direction  or  progression  of  the  scale 
numbering  system. 

Loucks  (20)  and  Orether  (U)  studied  to  some  extent,  the  spacing 
of  nunibered  di^slons  on  circuit  instruments.  Although  these  studies 
differed  in  purpose  and  esqperlmental  design,  they  concurred  that  closely 
spaced  marks  tends  to  reduce  reading  accuracy.  Of  particular  interest 
are  Orether's  specifications  in  fractions  of  an  inch  for  spacing  of 
narks  and;  the  corresponding  reading  accuracy  obtained.  Hopefully,  this 
study  will  result  in  q,uantltatlve  specifications  for  straight^  scales* 

(2)  Humber  of  Graduation  Narks  —  Graduation  marks  defined ''here  as  minor 

unit  marks  between  the  scale  factors. 

Accwausy  of  scale  reading  Is  also  a  function  of  the  graduation  scheme 
employed*  Ixperlmental  conditions  for  this  variable  will  be  one,  three, 
four,  nine,  and  "no*  graduation  narks.  The  first  four  condltlras  are 
consistent  with  "preferred”  graduation  schemes,  (^  and  represent  the 
ranges  of  minimum  and  naxlnun  graduation  aids  currently  In  use.  The 
last  condition  —  "no"  marks  —  will  help  to  determine  the  relative 
importance  of  graduation  aids,  and  will  point  up  subjects'  character¬ 
istic  ways  of  Interpolating  between  nunibered  units. 

(3)  Pcwers  of  10  —  As  used  In  this  study,  powers  of  10  will  refer  to 

the  factor  of  10  by  which  the  scales  will  be  read. 

Tte  three  experimental  conditions  (or  attitudes)  by  Which  subjects 
mill  read  the  scales  are  by  (x)  10,  (x)  100,  and  (x)  1000*  Itmiber  of 
digits  for  all  numbered  units  will  be  constant,  at  2* 

To  lllus'trate,  let  us  suppose  the  read  line  Is  positioned  exactly 
midway  between  37  wnd  38*  Those  subjects  reading  a  scale  x  10  would 
irwwA  37^;  X  100,  the  read  line  value  is  3t750;  and  x  1000,  read  line 
value  Is  37 f  500,  This  attitude  of  reading  Is  no  different  frm  scale 
reading  demands  of  current  instruments.  For  example,  the  altitude  scale 
is  read  x  1000,  airspeed  is  read  x  100,  ajsd  the  heading  indicator  is  x  10* 
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(h)  Orientation  — <  RefAra  tC'  tbs  flfaiS  In  vbl^h  the  ecAles  vlU  he 

presented. 

The  2  conditions  here  will  bs  vertlcalj  assi  hoorlzontal.  Op  to 
this  point,  eaqperlmental  coaditicns  ha're  he^sn  desOTlhed  In  reference 
to  vertical  scales.  Sao»  hsrlzoatal  s^ailfts  have  been  incorporated  In 
experimental  airciaft  as  sa  a,ltez:'?atlvs  ussfine  displaying  Infeamatlca, 
Inclusion  of  this  varlabls  for  InYistigittiea  will  permit  a  direct  com¬ 
parison  with  vertical  ec&lss  on  the  legibility  and  accuracy  that  he 
achieved  with  such  scales . 


The  manner  la  which  tfce.;-'.e  iKlss^Bklent  's-arlahles  will  he 
studied  Is  described  under  IXteigao 

gqulpnent 

Stlarulus  materials  will  b?  prei’.sji.trl  by  a  tachlstcecopc  equipped 
with  a  sliding  carriage  with  tbf  ;lty  tc  fcnld  150  sUdss.  Rates 
of  exposure  euad  intervals  ‘fcetw'.en  en^criiuras  will  he  autanatlcally  con¬ 
trolled  hy  two  electric  tlaerffio  Bre-sxs^ijeurs  aid  eagycsure  fields  will 
he  a  hcmogexMOua  white  screen  20.^  iicchsa  high  and  22.5  Inches  wide. 
Brightness  of  both  flelda  will  lr«  Leld  ccastast  as  vi.ll  the  hacliground 
lllxanlnatlon.  ' 

Tacblstoecope  and  screen  vlll  b*  mounted  cn  a  table.  An  adjust¬ 
able  chair  will  he  provided  far  sahjects^,  and  elec  fer  the  experimenter. 
A  control  button  with  a  lead  wit's  to  tbs  tachistoscope  will  he  mounted 
on  the  edge  of  the  table  In  frmt  of  the  euhjects  within  easy  access. 

Upon  determining  a  reading,  e'ubj^cts  will  d^iipress  the  button  which  will 
automate  the  electric  timers  that  wired  to  control  stimulus  exposures 
at  appropriate  in'tervaliBo  This  Is  d-;ficrlbed  further  under  J^ocedures. 


Stimulus  Materials 


Thirty  tape  segment®,  each  7“  x  l^,  will  hs  ccnstructod,  one  for 
each  of  the  graduation  airTk  craditlc^.ai  factor  In  each  orienta¬ 
tion.  (see  figures  2  and  3)  d'-:algn  features  on  the  'tapes  will 

be  the  nxmibered  unit  marks,  and  grad'siLatlcn  sKiirks,  the  dimensions  of  which 
are  specified  further  In  the  memco 

I  So  that  additional  taj«»  eegmeata  will  act  have  to  be  constructed, 
the  numbers  will  be  printel  cn  cL'.tx  plaetic  stripe  1-1/2*  x  l/2"»  The 
strips  will  be  hung  from  plt^s  that  er^  located  on  each  elde  of  the  tape 
at  the  pofitlooB  required  acccc'dirg  to  the  'cambered  unit  narks.  Vinety- 
two  plastic  strips  will  be  needed  for  tbe  vertical  tapes  to  represent 
consecutlyely  the  numbers  9  through  l€2o  for  the  horizontal  tapes  also, 
92  stripe  will  be  needed  gl'vlag  a  t.:rti.al  of  iBh  plastic  strips. 
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Tvo  black  instrument  cases  with  the  permanent  read  line  drawn  on 
tbs  glass  window  In  the  prefer  orientation,  will  he  properly  aligned 
and  fastened  over  each  tape  segment  in  turn.  Dimensions  of  the  cases 
will  he  such  as  to  allow  the  viewing  of  a  6"  x  1”  tape. 

Individual  pictures  for  each  read  line  setting  will  he  taken,  and 
slides  nfide  from  the  negatives,  which  will  consequently  project  hlack 
markings  on  a  white  background.  To  eliminate  "shuffling  around*  of 
the  slides  during  the  testing  period,  two  or  three  slides  will  he  made 
of  each  read  line  setting,  for  a  total  of  1^0  slides. 

In  order  to  Insiore  accuracy  of  read  line  settings,  drawings  of  the 
scales  will  he  tripled  in  size  so  that  the  tape  segments  will  actually 
he  21"  X  S"*  Pictures  to  he  taken  will  then  he  j^otographlcally  reduced 
svKJh  that  projection  size  of  the  tapes  will  he  7"  *  1"  at  a  28"  viewing 
distance. 

The  specifications  for  scale  markings  given  below  are  in  reference 
to  a  7"  X  1"  tape  segment. 


Specifications  for  Scale  Markings  (see  Figure  k) 

Di^ts 

1.  Digits  will  he  located  in  the  center  of  the  tapes,  progressing 
Ing  low  to  high  from  left  to  rl|d>t  on  the  horizontal  scales, 
and  from  bottom  to  top  on  t^  vertical  scale. 

2.  Recommended  numeral  style  is  MIL3ISC  (g^)  (MS  335^8  ASB) 

3*  Height  of  the  digits  will  he  .2^  inches. 

k.  Combined  width  of  the  digits  is  not  to  exceed  .kO  inches  ex¬ 
empt  •  for  1-3/8"  horizontal  scale  with  9  graduation  smrks 
digit  width  is  not  to  exceed  0.29".  Height  of  digits  in 
this  latter  case  will  he  in  the  seune  width  -  height  ratio 
as  used  for  the  other  numbers. 

Graduation  Marks 

l.  Graduation  marks  will  he  located  in  the  center  of  the  tapes  in 
a  horizontal  orientation  for  vertical  tapes,  and  in  a  vertical 
orientation  for  horizontal  tapes. 

j 

2.  They  will  he  equally  spaced  throughout  a  particular  scale 
factor,  although  size  of  the  spaces  will  he  different  across 
graduation  mark  conditions. 
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3*  Length  of  the  graduation  marks  will  he  .23  Inches,  except  for 
the  middle  mark  when  3  or  9  graduation  marks  are  used.  The 
middle  graduation  mark  will  be  enqphaslzed  In  length  —  .30 
Inches  —  to  enhance  readability  of  the  scales. 

numbered  Qtalt  Marks 

1*  numbered  unit  marks  will  be  located  on  each  side  of  the  digits 
and  will  be  slightly  wider  than  the  one  stroke  width  graduation 
marks  —  again  to  enhance  readability. 

2.  On  vertical  scales,  they  will  be  perpendicular  to  the  digits  and 
centei’ed  according  to  height  of  the  digits.  On  horizontal  scales 
they  ylll  be  perpendicular  to  the  digits  and  centered  according 
to  the  combined  width  of  the  digits. 

3.  numbered  unit  marks  will  extend  from  the  edge  of  the  tapes 
to  a  length  of  .23  Inches  on  each  side  of  the  digits* 

Read  line  Indicator  will  be  one  stroke  width. 

Subjects 

Since  there  are  reportedly  no  differences  between  naive  and 
experienced  subjects  for  this  type  of  task,  (6)  It  would  be  more 
practical  to  secure  naive  subjects.  It  Is  cuz^ntly  planned  to  use 
130  male  RQTC  students  with  20/20  vision  —  corrected  or  uncorrected. 
Subjects  will  be  secured  from  the  local  colleges. 


Ixperlmental  Design 

Itotlal  Hierarchical  —  Fifteen  groups  of  10  subjects  each  will 
be  used.  Each  group  will  srepresent  one  of  the  I3  possible  coablnations 
of  graduation  marks  (m)  and  scale  reading  conditions  (P).  Thus: 
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Humber  of  Grad.  Narks  Scale  Read  X 


Group  1 

MiPi 

1 

10 

Group  2 

**1*2 

1 

100 

Group  3 

M1P3 

1 

1000 

Group  4 

«3Pl 

3 

10 

Group  3 

3 

100 

Group  6 

Vs 

3 

1000 

Groi;p  7 

M4P1 

4 

10 

Group  8 

M4P3 

4 

100 

Group  9 

M4I3 

4 

1000 

Group  10 

9 

10 

Group  11 

M9P2 

9 

100 

Group  12 

M9P3 

9 

1000 

(broup  13 

0 

10 

Group  l4 

**0^2 

0 

100 

Group  15 

•*0^3 

0 

1000 

All  subjects  vlthiD  all  groups  will  receive  In  combination,  all 
other  treatments,  namely  the  three  scale  factor  (S)  conditions;  6i 
1-3/8",  Sg  l-7/8*'>  $3  2-3/8" »  within  each  orientation  —  vertical 
(Oyr)and  horizontal  (0h)« 

nine  «nd  error  scores  will  be  made  on  all  readings  for  each  subject. 
Reaction  time  Is  defined  as  the  time  elapsed  from  the  eiqposure  of  a  scale, 
to  subject's  depressing  the  button.  Srror  Is  defined  as  at^  deviation  of 
a  subject's  verbalized  reading  from  the  "true"  reading,  and  (after  a  sub¬ 
ject  completes  the  task)  will  be  expressed  as  the  absolute  magnitude  of 
this  deviation.  During  the  test  trials,  experimenter  will  only  record 
subject's  verbalized  reading  and  reaction  tlxn. 

Both  time  scores  and  error  scores  will  be  subjected  to  analysis  of 
variance.  In  terms  of  main  effects,  the  Interest  Is  In  determining  If 
there  are  significant  performance  differences  among  the  scale  factors, 
graduation  marks,  scale  orientation,  and  factors  of  10.  The  analysis 
used  will  also  ixrovlde  Information  as  to  the  significance  of  the  Inter¬ 
actions.  Subjects  scores  will  be  treated,  to  assess  the  relative  effects 
differences  aoross  groiqis. 
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Onght  vLU  b«  4r«ini  up  tepietlag  fru^uaney  aad  paroantagi  of  amra 
agalnat  aeaXa  faetora  and  eorraspondlng  daalgn  faaturaa.  Baaetion  tiaaa 
will  alao  ba  plotted  against  the  scale  Tarlablas. 

Analysis  of  variance  suMoary  table,  and  aodal  of  the  exparlaentai 
daalgn  appaar  balow. 

Modal 


AB  CD  fl/CD 
A  Seale  Factor 
B  Qrlantatioo 
C  Oradoatlon  Murks 
0  Factor  cP  10 
8  Sublets 

Source 

III]  - 

C  X  D 
s/CD 
A  (3) 

A  X  C 
A  X  D 
A  X  S/CD 
A  X  C  X  D 
B  (2). 

A  X  B 
B  X  C 
B  X  D 
A  X  B  xi; 

A  X  B  X  ^ 

B  X  c  x;;d  ■ 

B  x  s/CD 
A  X  B  X  S/CD 
A  X  B  C  X  D 
AxBxCxDxS 


C-1 

D-1 


90  X  20 


k 

2 

6 

285 

2 

8 

k 

570 

16 

1 

2 

4 

2 

8 

4 

8 

285 

570 

16 

(lBOO-1) 


Total  Oagraas  of  Freadoa  1799 
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Toa  tasta  for  •Ignlf icanee  of  the  aain  effects  end  the  intereetlons 
ere  eceavllehed  by  the  tern  that  repreaeata  the  Interaotion  of  that  effect 


with  subjects. 

Tor  eranple: 

‘^/s|cD 

®/sjcD 

s|cD 

s|cd 

^/aB  sjcD 

^/a  s|cd 

^/a  sjcD  etc. 

Bfoeedu3fe 

Subjects  vtU.  be  randoaly  aaslgned  to  one  of  the  groups.  Standard* 
laed  Instructions  vUl  be  given  to  all  subjects  on  general  procedurea  and 
operation  of  the  efolpsent.  Additional  instructions,  standardised  ulthln 
groepa,  vlU  point  out  particular  features  of  the  scales,  Ineludlag  the 
graduation  schaae  and  10*s  factor  by  vhich  the  scale  is  to  be  read. 

Subjects  vlU  be  told  to  read  the  scales  as  accurately  as  possible. 
Accuracy  viU  be  stressed  since  it  is  essential  to  detemlne  the  degree 
of  accuracy  to  idilch  the  different  scales  can  be  read.  To  ease  the 
interpolation  task,  subjects  elU  be  pemitted  to  viev  the  scales  for 
as  Ic^  as  it  takes  then  to  detendne  the  read  line  setting.  This  is 
in  accordance  with  natural  dial  reading  situations. 

BMaeled^  of  results  will  be  given  after  each  practice  trial,  (but 
not  after  the  test  trials)  and  subjects  will  be  invited  to  re*«xnBine 
any  readings  that  are  alssed.  A  five  alnute  rest  period  will  be  provided 
between  practiee  and  test  tj^ls  io  answer  any  questions  about  the  task. 

•  A. 

■aeh  subject  will  ssUtn  1^0  readings,  equally  divided  aaong  the  sir 
scales  in  his  group.  Read  line  settings  were  chosen  to  Sanplc  nine  differ¬ 
ent  areas  within  an  interval,  and  to  systenatically  represent  the  tape 
ranges  frosi  11  to  99*  Read  line  settings  involving  the  aero  digit  were 
intentionally  onEltt^  because  of  reported  confusion  of  interpolation 
associated  with  this  digit  (ref.  IB). 

Of  tiie  5k  settings  listed,  each  of  it2  settings  will  be  presented 
tbroS^tiMS  during  the  test  trials  to  Insure  stability  of  subject  re- 
spoogos*  Woe  practice  irlala,  the  renaining  12  settings  will  be  pre- 
senbei^  twice.  It  is  assused  that  subjects  idll  have  learned  the  task 
withtm^ttae  2k  practice  trials,  however,  this  is  subject  to  pre- 
esperlaental  verification. 


•4. 


BMtd  Lins  Sitings 


Visrtlcnl  Orinntntlcn 


1-3/8* 

2-3/6* 

3^^.7*H5  (P)* 

21.7415  (P) 

98.7415(P) 

93.5681  (p) 

44.5681  (P) 

37.5681(p) 

86.1573 

62.1573 

71.1573 

22.2327 

85.2327 

13.2327 

1^7.8244 

77.0244 

89.8244 

65.9056 

30.9056 

54.9056 

51.3939 

99.3939 

66.3939 

78.4768 

16.4768 

25.47^ 

19.6192 

53.6192 

42.6192 

HorlxootaJ.  Orleatsctlon 


Uw7415  (2) 

63.7415  (P) 

83.7415  (p; 

69.5681  (P) 

27.5681  (P) 

74.5681  (p; 

26.1573 

94.1573 

49.1573 

92.2327 

56.2327 

68.2327 

57.8244 

35.0244 

15.8244 

43.9056 

81.9656 

97.9656 

76.3939 

12.3939 

31.3939 

84.4768 

48.4766 

52.4766 

I’Ractlce 

79.6192 

26.6192 

■  ScaLm  will  be  presented  in  slternstlng  series  based  on  orientatioii. 
l.e.,  in  sets  of  6  Tertical,  6  borl^oatal,  etc.,  for  the  practice  trla^> 
ani  in  sets  of  21  for  the  test  trials.  This  breaking  up  of  the  task 
should  help  reduce  aonotony  and  fatigue  effects  for  the  subjects.  Hw 
series  uiU  be  eoantCrbalaneed  vlthin  groups  such  that  5  sidtjects  in  a 
group  idU  start  with  a  ?  series,  then  H.  The  other  ^  will  start  vi'tti 
an  1  series,  follosed  by  a  ▼  series.  Order  of  presentation  within  a 
aeries  will  be  randesdsed  to  ellainate  systeaetie  effects  of  scale 
fSetors,  orientation,  or  read  line  settings.  Two  fiweHSLnute  rest  - 
periods  —  one  after  each  group  of  kZ  readings, will  be  prowlded. 

The  espsriaent  will  be  conducted  in  the  following  aannsr.  A  sub« 
jeet  will  be  seated  in  an  adjustable  chair  at  a  26  Inch  wlewing  distance 
froa  a-  projection  screen.  The  esperlaenter  will  describe  the  task  and 
daaenstrate  operation  of  the  equipasnt.  Between  scale  exposures,  sub¬ 
jects  will  fixate  on  the  crosshairs  projected  on  the  center  of  the 
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•eraea.  this  la  naoeasarT'  to  ka^  aiibjeeta  Tariatloni  In  oja  noraaaata 
to  a  ntnlnnB.  Cbriatenaan  (5)  r^orta  algnlfleant  offaeta  on  raaulta  — 
both  qionatltatlTaly  an&  qualltatlTaly  with  ana  11  ehaagiaa  In  dlraetad 
point  oC  fixation.  Dlpon  aeala  aapoaure,  tba  raad  Una  Indicator  will 
agpaar  In  the  aana  location  aa  the  eroaahaira. 

Vhen  the  aubject  la  ready,  the  eaparinenter  vlll  elide  a  aeale  la 
place  and  an  electric  tiner  vlU  autoaatlcally  atart.  The  avibjeet  will 
preaa  a  button  on  detendnation  of  a  reading,  and  alanltaneoualy  call 
out  hla  aaawer.  Actlwatlon  of  thla  button  will  renora  the  aeale  fToai 
the  aereen  thua  atopplag  the  electric  tiner,  and  will  atart  up  another 
electric  tiner  which  will  run  for  a  apeelfied  and  adequate  tine  inter* 
wal,  during  which  the  ezperinenter  will  record  ahbjeet'a  aaawer  and 
reaponae-tine  on  a  propaxed  form*  At  the  texadnatlon  of  thla  eonataat 
tine  interral,  another  aeale  will  be  autoantleally  expoaed  and  the  pro* 
eedure  will  be  repeated*  Controlling  the  tine  interral  fron  the  end  of 
one  expoeure  to  the  beginning  of  the  next  will  belp  to  atandardlie  and 
facilitate  experinantal  proeeduraa.  snbjecta  will  be  Infomed  of  the 
controlled  tine  Interral  and  thua  be  prepared  for  each  reading,  latl* 
nated  total  tine  for  each  ahbject  la  50  nlnutea* 


Wanned  Tine  Table  of  Irenta  —  lhaae  A 


1.  Vorkatatenant  by 

2.  Iqulpnent  fabrication  coapleted 
3*  Are-experinantal  runa  begin 

k,  Ixperinenital  runa  begin 
5*  Ixperinental  runa  coag^ted 

6.  Data  reduction  by 

7.  Data  analyala  coavleted 
8*  1inte*up  beglna 

9.  Vnte-op  coapleted 


8ept.  20,  1962 
Oct.  31»  1962 
lor.  3»  1962 
lor.  10,  1962 
pan*  1,  1963 
Pan.  21,  1963 
feb.  1,  1962 
Dec.  15,  1962 
Feb.  28,  1963 


MnewM  W 


-By 

C.  A.  Gainer 


iritten  by 
Barbaxa  J.  Ealet 
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Memorandum  Report  Mo»  62-10  28  September  I968 

To:  Capt.  White  (ASTFF),  Capt.  Harley  (ASTFC)  and  Lt.  J.  Hell  (ASMlCS-l) 

From:  C*  A.  Gainer 

Subject:  Summary  of  the  Reeulta  of  the  Questionnaire  Used  During 

the  Inflight  Evaluation  of  the  Pilot  Orientation  Instrument 
(LLfesaver ) . 


Objective  and  Summary 

The  flight  test  was  accontpllshed  to  determine  If  the  Llfesaver  lnstru> 
ment  was  effective  In  providing  adequate  Information  to  assume  a  wings 
level  -  180  degree  heading.  The  test  was  performed  In  both  Jet  and  cargo 
aircraft  and  each  test  was  conducted  In  as  similar  a  manner  as  possible. 

There  were  maneuvers  that  were  unique  to  each  aircraft  but  the  same  ques¬ 
tionnaire  with  minor  eidjustments  was  used  In  both  situations.  Thus^  the 
following  report  Includes  the  results  from  both  aircraft  types. 

There  were  28  pilots  vused  —  fourteen  tor  each  aircraft'  type. 

The  results  tended  to  loqply  a  favorable  outlook  toward  the  Instru¬ 
ment  but  that  It  would  need  sone  minor  alterations.  It  seems  that  the 
more  experience  the  pilots  received  with  the  instrument  the  more  favor¬ 
able  their  outlook.  Certain  limitations  of  the  Instrument  became  apparent 
as  was  demonstrated  In  the  vertical  roll  maneuver;  but.  In  general,  recoveries 
from  extreme  attitudes  could  be  made.  It  must  be  remembered  thax  none  of 
the  above  conclusions  should  be  taken  without  reading  In  detail  the  results 
of  the  questionnaire. 

Introduction 


The  questionnaire  used  to  laeasure  the  pilot  subjects'  evaluatloos  of 
the  Llfesaver  was  organized  Into  six  parts.  Itot  U  was  a  seven  step  rat¬ 
ing  scale  on  a  llke-dlsllke  continuum;  subjects  were  asked  to  indicate  their 
degree  of  liking  or  disliking  the  Instrument  during  each  of  the  maneuvers 


they  were  asked  to  perform*  Beurt  IV  allowed  the  pilot  more  fteedtim  of 
expression  than  Bart  H;  It  contained  questions  of  a  general  nature  de» 
signed  to  elicit  specific  conaients  about  the  display.  Bre  and  post* 
fillet  "semantic  differentials"  were  Burts  I  and  VI  respectlTely.  A 
brief  statesMnt  from  Martin  Memorandum  ReiKxrt  61^3  which  describes  In 
detail  the  development  8uid  use  of  the  semantic  differential  will  clarify 
Its  meaning* 

"By  definition  the  semantic  differential  Is  a  combination  of  word 
association  and  scaling  techniques  designed  to  pull  out  Inherent 
feelings.  In  this  case  an  Instrxment  Is  rated  on  a  seven  point 
scale  bounded  by  polar  adjectives,  e.g.,  safe-risky,  sensitive- 
sluggish,  etc*  The  seven  part  scale  Is  qualified  by  adverbs;  the 
greater  the  Intensity  of  feeling,  the  more  extreme  the  displace¬ 
ment  towards  one  or  the  other  polar  terms*  This  Instrument  was 
rated  pre-fUght  and  post-flight  so  that  a  semantic  profile  of 
the  attitude  can  be  established  before  flight  and  then  coMpared 
to  the  attitude  after  flight*  By  computing  Ds  (ohe  generalised 
distance  function  In  n-dlmenslonal  space)  the  geometric  relation¬ 
ship  between  concept  or  meaning  may  be  formed." 

^ffeurts  HI  and  V  were  the  split-ballot  questionnaire  which  Is  a  technique 
whose  developgent  and  rationale  are  described  In  Martin  Memorandum  Report 
61-21*  The  spllt<4>allot  questionnaire  consists  of  a  series  of  questions 
which  pertain  directly  to  various  components  of  the  display*  Balf  of  the 
questions  are  designed  to  elicit  a  "positive  set"  — *thay  are  what  Is 
commonly  known  as  "loeided"  and  are  worded  In  such  a  way  as  to  Influence 
the  pilot  to  comment  i)osltlvely  about  the  display  In  question  unless  his 
opinion  Is  strong  enough  to  cause  him  to  resist  the  Influence  of  the  ques¬ 
tion  and  answer  In  a  contrary  manner.  The  "i>oeltlve  set"  Is  complemented 
by  a  "negative  set"  which  tends  to  elicit  negative  comments  about  the 
instrxasent  being  evaluated  tmless  the  pilot  has  a  strong  positive  feeling* 

A  typical 'split-ballot  couplet  mlgdit  consist  of  one  question  which  aiAaed 
If  the  Instrument  should  be  adopted  and  a  second  pert  which  asked  If  It 
should  be  discarded*  Identical  responses  to  both  questions,  l.e*  both 
"yesses"  or  both  "nos"  are  Interpreted  as  Indicating  contradictory  or 
Inconsistent  feelings  or  a  lack  of  strong  feelings  towards  the  Instrument* 
The  advantage  of  the  technique  Is  that  It  allows  one  to  determine  which 
opinions  are  strong.  Much  effort  Is  being  exerted  to  Increase  the  validity 
of  the  Inferences  about  the  significance  of  Identical  responses  to  both 
questions  In  a  spUt-ballot  coiplet  by  attempting  to  create  new  question 
pairs  and  redesign  ones  already  used  so  that  they  are  perfectly  matched 
"positive"  and  "xiegatlve  set"  In  that  questions  about  the  same  aspect  of 
the  display  will  be  worded  so  that  they  exert  the  same  amount  of  influence 
over  the  subject  to  answer  In  a  particular  manner* 
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The  eTaluatlon  of  the  Ufesaver  which  will  soon  be  suasrlsed  WM 
■sde  by  pilots  whose  cunrent  status  are  that  of  hl^ily  fuallflad  Air 
Force  pilots.  Fourteen  of  the  pilots  had  Jet  fighter  iMckground  and 
fourteen  had  multi-engine  cargo  background.  The  primary  duty  of  the 
subjects  was  either  Fighter  Test  Operation  or  Cargo  Test  Operation. 

All  subjects  seemed  to  be  cooperative  and  quite  motivated. 

Summitries  of  the  results  of  the  pilot  evaluation  of  the  Ufesaver 
will  be  described  in  terns  of  the  pasrts  enuserated  above  which  will  in 
turn  have  subsections  on  the  questionnaire  results  of  the  Cargo,  Fighter 
and  Cargo  and  Fighter  groups  eoeblned. 

Method 

lach  subject  was  given  a  very  general  briefing  about  the.  experimental 
instrument  and  was  then  requested  to  rate  this  concept  (Part  l).  Be  flew 
the  Instrument  In  the  aircraft  appropriate  to  his  specialty.  At  the  con- 
closiQn  of  his  flight  he  filled  out  the  questionnaire  In  the  oorder  of  the 
numbered  Itots  II-YI. 

Subjects 

The  pilots  participated  In  this  study  were  highly  qualified  Air 
Force  pilots  on  current  status.  They  were  from  two  pilot  types.  The 
first  l4  had  Jet  fighter  background^  and  Ih  had  ]imltl>«nglne  cargo  back¬ 
ground.  All  pilots  were  assigned  eis  primary  duty  to  either  the  Fighter 
Test  Operation  or  Cargo  !ltest  Operations.  All  subjects  were  observed  to 
be  cooperative  cuod  quite  motivated. 

Task 


Two  profiles  were  used  one  for  cargo  and  one  for  flghtor.  These 
were  as  similar  as  possible,  but  It  Is  obvious  ttat  they  could  not  be 
the  sane.  These  profiles  are  specified  below: 

Test  Froflles 


The  following  maneuvers  for  cargo  aircraft,  were  used  In  order  and 
and  the  headings  and  banks  listed  were  the  conditions. 


Heading  270  degrees 
Heading  3^  degrees 
Headlx^(  180  degrees 
Heading  270  degrees 
Heading  1^  degrees 
Heading  133  degrees 


stral^t  euid  level 
nose  low 

4^  degrees  right  bank 
nose  up 

bank  43  degrees  left 
nose  hlfidt 
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Headlog  225  degreen  nose  low 

loading  13$  banked  degrees  extrenoly  nose  high 

loading  33?  degrees  slightly  nose  low 

loading  45  degrees  slightly  nose  hl|^ 

Cheek  level  turns 

loading  IBO  degrees  cheek  "g* 

Heekdlng  iBO  degrees  check  aceel  and  deecel 

Iho  profile  used  for  the  Jet  aircraft  Is  as  foUoosi  The  takeovers 
also  occurred  In  the  listed  points. 

leading  270  degrees  wings  level 

loading  45  degrees  Inverted  nose  high 

leading  3??  degrees  Inverted  nose  low 

leading  1^  degrees  90  degree  right  bank  nose  hltd^ 

loading  160  degrees  90  degree  left  bank 

leading  360  degrees  with  nose  low 

leading  229  degrees  vertical  call 

fading  33?  degrees  Inverted  nose  low 

leading  90  degrees  wings  level 

Spin 

flewontlc  Differential 

The  semantic  differential  questionnaire  consists  of  polar  adjective 
pairs  Vhloh  have  been  selected  because  It  Is  felt  that  they  can  aeasuxe 
aenorallsed  positive  or  negative  feelings  cmd  that  they  represent  aircraft 
sysioai  dimensions  which  are  salient  to  the  subjects*  Judging  the  Idfosaver. 
Fulfilling  both  conditions  Is  difficult  as  often  those  adjective  pairs  which 
have  the  proper  degree  of  vagueness  to  elicit  general  positive  or  negative 
feelings  are  so  vague  that  they  seem  to  the  pilot  population  inapplicable 
to  aircraft  systems.  The  pre-fUcd^t  profile*s  shape  erporesses  pilot's 
preconceptions  of  the  Ufesaver  cuid  If  the  adjectives  are  well  chosen  in 
tenH  of  the  requirements  Just  stated,  the  shape  of  the  post-flight  rating 
profile  should  be  similar.  It  Is  felt  when  the  shapes  of  these  profllae 
diverge  It  Is  because  the  adjective  pairs  beeosms  too  system  specific  to 
tap  the  overall  feelings.  The  pairs  Instead  elicit  differential  feelings 
about  different  aspects  of  the  Instrument  euad/or  the  meaning  of  the  adjec¬ 
tives  are  not  stable.  In  the  minds  of  the  subject  because  they  seen  to 
then  to  have  no  distinct  relation  to  aircraft  systems.  (Hben  the  rating 
positions  of  a  profile  approach  the  limits  of  the  scale  a  situation  oaa 
arise  in  which  adjective  pedrs  may  be  well  chosen  but  pre-  and  post-fli^t 
profiles  still  vary  in  shape.  At  the  limits  of  the  scale  the  profile  sh^pe 
.Is  dlstoorted  and  e^gpected  to  "strml^ten  out"  becaiise  the  subject  does  not 
have  the  opportunity. of  more  Intense  ratings).  In  short,  the  primary 
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consideration  In  Interparetlng  senantlc  differential  profiles  Is  the  coa- 
paratlve  shapes  and  positions  of  different  profiles  —  varying  positions 
can  Indicate  a  change  of  overall  attitude  towards  an  instruasnt,  whereas 
degree  of  stmllsrlty  between  shapes  permits  evaluation  of  to  what  degree 
the  adjective  pairs  are  wen  chosen  and  changes  In  profile  position  can 
actually  he  validly  Interpreted  as  a  change  of  attitude* 

Various  figures  aid  in  the  Interpretatlcm  of  the  general  attitudes 
of  subjects  towards  the  lAfesaver.  Figures  1,  2,  and  5  Indicate  pre*  and 
post-fUe^t  semantic  differential  ratings  for  the  Cargo  subjects,  the 
Fighter  subjects  and  the  Cargo  and  Filter  subjects  cosiblned  respectively. 
Flgun  3  shows  the  pre -flight  seanantlc  differential  ratings  of  the  Cargo 
and  Fighter  groups  separately;  Figure  4  offers  the  same  Infoonsation  for 
post-fll|^t.  lach  of  these  Figures  will  be  discussed  qualitatively  and 
then  quantitatively. 

Figure  1,  which  describes  the  mean  post-  and  pre-fll£^t  semantic 
differential  ratings  of  the  Cargo  subjects,  shows  soaie  constancy  In 
the  shapes  of  the  two  profiles  and  a  trend  towards  a  aune  favoarable 
evaluation  of  the  Llfesaver  after  sane  experience  with  it.  fbe  greater 
constancy  of  the  profile  shapes  end  the  consistent  shift  of  the  post- 
flight  ratings  to  a  position  which  describes  the  Llfesaver  more  favor¬ 
ably  than  the  pre-flight  ratings  shown  In  Figure  2  Indicates  that  the 
adjective  pairs  are  more  general  and/or  more  applicable  to  aircraft 
systems  in  the  minds  of  Filter  subjects.  Iven  more  similar  than  the 
profiles  In  Figure  2  are  those  In  Figure  3  which  Indicate  that  there 
is  a  certain  hcmogenlty  In  the  preconceptions  which  Filter  and  Cargo 
groups  held  about  the  "goodness"  and  "hadxtess"  of  the  llfesaver.  Figure  3 
shows  that  In  all  cases  but  one,  the  Cargo  group's  profile's  poeitions 
are  more  favorable  to  the  llfesaver  instrument  than  the  Fighter  gBSH^s. 

One  would  expect  that  after  identical  esqperlences  with  the  Llfesaver  the 
degree  of  shift  In  profile  rating  postllons  would  he  similar  for  both 
groups  and  that  the  changes  positions  of  the  post-fU^t  peofUas  would 
hear  the  same  relation  to  each  other  as  the  original  pre<fll|^  profiles' 
positions  did.  Figure  4  shows  that  this  eigpeetatlon  Is  disappointed  and 
that  there  la  a  greater  dlscrepaxiey  between  the  poat-fUght  positions  of 
the  Cargo  and  Fighter  profiles  than  the  pre-flight  positions  of.  the  Cargo 
and  Fighter  profiles  than  the  prefUs^t  positions  of  the  profiles  of  these 
groups.  Figure  4  Indicates  that  IdentlceJ.  fU^t  exparlenee  did  not  im¬ 
press  Fighter  pilots  as  favorably  as  Cargo  pilots.  The  particular  adjec¬ 
tives  which  are  downrated  on  the  Flitter  profile  ore  Interesting.  It  Is 
possible  that  dissatisfaction  with  the  vertical  roll  maneuver  while  \wlng 
the  llfesaver  influenced  the  fighter  gronqp.  Drobably  the  adjectives  down¬ 
graded  by  the  Fighter  group  did  not  have  m  specific  a  meaning  to  the  Cargo 
eus  the  Fighter  Group  since  the  standards  of  irtiat  constituted  satisfactory 
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achievement  of  a  vertical  roll  varied  for  the  two  groups.  In  Figure  5 
It  Is  seen  that  when  the  ratings  of  Cargo  and  Fighter  groups  are  con- 
blued  the  resultant  pre-  and  post-flight  profiles  show  considerable 
constancy  of  shape  suod  a  slight  shift  In  position  which  indicates  a 
slightly  more  favorable  feeling  towards  the  Idfesaver  after  sane 
experience  with  It  for  subjects  In  both  groups. 

The  pre-  and  post -flight  positions  of  the  various  profiles  differ¬ 
entiated  by  subject  population  axe  quantitatively  conpaxable  ttaroui^  the 
statistical  technique.  Osgood  suggests  a  measure  of  relationship  which 
takes  into  account  both  the  mean  discrepancies  and  the  profile  covariation. 
It  ("D")  Is  obtained  by  suanlng  the  squared  differences  one  row  at  a  tine 
to  eatch  pair  of  variables  and  finding  the  square  root  of  the  resulting 
total.  The  greater  the  differences  In  position  and  discrepancy  in  shape 
the  hlcdwr  will  be  the  value  under  the  radlcsd. 

Tarlables  "D*  FaXass 

Fre-  and'post-flight  Cargo  profiles  23.1|6 

axid  post-flight  Fighter  profiles  l6.6 

Fre-  and  post-flli^t  Cargo  and  Fighter  conblxied  profiles  10.86 
Post-f  Ucdit  Cargo  and  Fighter  Separately  6.% 

Rre-fllght  Cargo  and  Filter  separately  3.W 


I  Bating  Scale 

Figures  6  and  7  sumnarize  the  ratings  of  the  Cargo  and  Fighter 
respectively  of  the  instrument  against  the  maneuvers  fleam.  The  scale 
is  arxanged  so  that  high  nuoiberB  are  usoclated  with  like  dluenslon. 

It  should  be  noted  that  the  Fighter  pilots  had  a  higher  rating  even 
though  one  maneuver  was  beidly  downgraded.  This  low  rating  of  Ihe  vertical 
I  roll  naneuver  by  Fighter  shows  a  deficiency  for  this  particular  aaneuver. 

I  However,  this  one  deficiency  apparently  did  not  Influence  to  greatly  their 

overall  impression. 

A  chi-square  was  computed  euod  as  would  be  e^qpected  the  rating  of  the 
!  Instrument  was  a  function  of  maneuvers.  There  was  also  a  chi-square  for 

I  goodness  of  fit  of  the  frequency  of  selection  of  the  categories  based  on 

j  an  empirical  curve  that  was  derived  in  other  Instrument  evaluations.  The 

I  hase  curve  is  shown  as  follows: 
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Figuza  8.  Ratlog  of  the  Llfesaver  hy  Neaewrere  for  'both 
Cargo  and  Fighter  for  thoee  aaiieinrers  ehleh 
were  cc—nn  to  both  groofe 

Table  1.  Frequency  and  Aaeoeiated  $  for  the  Selected 
Categories  when  all  Maneuvers  are  Considered 
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TKble  1  shows  the  frequency  of  selected  categories  by  subject  group. 
Table  2  and  3  ^re  the  tables  used  to  coopute  the  chi-square. 


Table  2 

-  Fighter  Chi-Square 

1 

2 

3 

4  5 

6 

7 

Ixpected 

2.4 

2.9 

9.3 

22.0  28.1 

19.5 

12.0 

Observed 

7 

6 

5 

8  8 

31.0 

33.0 

Difference 

4.6 

3.1 

4.3 

14.0  20.1 

11.5 

21.0 

80.15 
df  s  6 

Sign  .001 

Table  3 

-  Cargo  Chi-Square 

1 

2 

3 

4  5 

6 

7 

Ixpected 

2.4 

2.9 

9.3 

22.0  28.1 

19.5 

12.0 

Observed 

5 

7 

5 

19  22 

4l 

9 

Difference 

2.6 

4.1 

4.3 

3.0  16.1 

21.5 

3.0 

43.90 

df  «•  6 

Sign  .001 

As  can  be  seen  the  chi  ••square  values  for  both  groups  are  a  significant 
departure  from  the  expected  distribution. 

Analysis  of  Split  Ballot 

To  facilitate  sunmarlzlng  the  results  of  the  split  ballot  question¬ 
naire  a  technique  for  describing  the  resvilts  of  each  question  with  a 
single  number  has  been  devised.  There  cure  four  possible  resiK>nse  patterns 
for  a  split  ballot  cosplete:  negative  (both  questions  are  answered  In  a 
manner  which  Indicates  negative  feeling  towards  the  Instrxmient  In  question), 
positive  (both  questions  are  answered  In  a  manner  which  Indicates  positive 
feeling  towards  the  Instrument  In  question),  neutral  (one  question  Is  answerdd 
In  such  a  way  as  to  Indicate  positive  feeling  towards  the  Instrument  whereas 
Its  counterpart  Is  answered  In  such  a  way  that  contradictory  negative  feel¬ 
ing  Is  Indicated)  and  fourthly  the  residual  category  of  "no  answer”  or  "hot 
applicable”  remains.  The  single  number  which  shall  be  used  to  describe  the 
response  pattern  for  each  ccqplet,  which  can  be  Preferred  to  as  the  F  number, 


lU 


the  ramlnlng  difference  vben  tbe  total  negative  ansvara  for  a  eoagplat 
are  eubtraeted  fron  tbe  number  of  positive  anauers.  The  logic  uaSarlylBc 
the  split-ballot  technique  neoessltates  that  only  the  aagatlva  and  posi¬ 
tive  answers  are  analyzed  when  seeking  pilots'  evaluations  of  an  lastru- 
aant  j  the  neutral  answers  are  considered  Indicative  of  weak,  contradictory 
or  Inconsistent  feeling  towards  the  aspect  of  the  instmasst  being  evaluated* 
When  attempting  to  chetracterlze  a  grovqp  opinion  the  logic  behind  the  conpu- 
tatlon  of  the  F  number  assuaes  that  the  appearance  of  one  totally  negative 
answer  negates  a  corresponding  totally  positive  answer  by  ancthar  subject. 

A  "high"  F  number  then  is  obtained  only  If  there  are  few  xMutral  rasponsea 
and  If  there  Is  no  balanced  diehotoaiy  between  positive  and  negative  answers 
—  In  short,  It  Is  obtained  only  If  the  majority  of  subjects  have  strong 
opinions  and  their  strong  opinions  are  practically  all  In  the  same  direc¬ 
tion  of  positive  or  negative.  To  Judge  If  an  F  nubber  can  be  characterlaad 
as  high  one  must  recognize  that  there  are  l4  subjects  In  the  Cargo  coboort 
and  l4  subjects  in  the  Fighter  cohort. 

For  organizational  purposes  It  has  been  decided  'that  u  T  husiber  of 
8  or  more  shall  'be  considered  high  —  that  Is  at  least  8  positive  or  8 
negative  answers  to  a  split-ballot  couplet  must  remain  when  negative 
suMwers  are  subtracted  for  the  responses  to  be  considered  as  characteris¬ 
ing  a  strong  group  opinion  about  a  particular  aspect  of  the  Instrument 
being  evaluated.  Let  us  assusie  that  l6  persons  respond  positively  and 
10  persons  negatively.  Tbe  percent  of  positive  responses  Is  while  cmly 
36^  were  against  It.  This  can  be  assumed  to  be  a  significant  percentage, 
for  every  case  where  there  Is  less  than  tbe  total  26  the  ratio  of  percent¬ 
age  becomes  greater.  Thus,  the  "F"  -  number  or  8  or  greater  does  differen¬ 
tiate  the  attitude  on  each  of  the  pairs.  In  certain  instances  In  the  sumMory 
below  the  F  number  of  both  Cargo  and  Fighter  eohorte  shall  be  presented  to¬ 
gether  —  In  such  instances  the  largest  possible  sum  of  combined  T  mmibers 
Is  28  with  each  group  contributing  a  single  F  number  of  ik.  The  below  sma- 
mary  Is  arranged  so  that  the  first  Items  (which  will  be  stated  In  terms  of 
what  Is  considered  to  be  the  prevalent  group  opinion)  are  those  which  Cargo 
and/or  Fighter  groui>s  exhibit  strong  positive  opinions  towards;  following 
these  are  Items  which  elicited  wesdc,  neutral  responses  or  about  which 
the  members  of  either  group  had  strongly  divided  contradictory  feelings; 
finally  appear  Items  about  aspects  of  the  Instrument  which  tbe  Cargo  and/or 
tbe  Fighter  groii^  felt  negatively  towards.  The  actual  data  which  the  F 
number  was  derived  from  will  acconpany  each  Item. 
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to  the  conbinsd  F  scores  on  the  following 
Item* 


The  Ufesaver  was  not  located  In  the 
position  on  the  pemel 


C 

F 


Ih 


10 


2 


Only  Cargo  subjects  were  questioned 
about  the  following  Item* 


The  Instrument  Is  so  reliable  that  It 
voold  be  believed  sooner  than  orUMr 
Instruments* 


8 
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Fighter  lieutrsl  Answers 
Fighter  |ioa»appliead>le  ane 


froB  tte  Bbore  suBiBry  It  can  be  concluded  that  the  Cargo  and/or  the 
Fighter  group  feel  that  the  Lifesaver  Instrunent  was  useful.  It  can 
be  \ised  to  advantage,  It  would  be  consulted  when  disorientation  occurred 
and  that  b  pilot  could  adjust  to  it  rapidly;  also  the  Cargo  and/or 
filter  group  felt  that  it  operated  so  that  the  following  could  be 
achieved}  The  needle  could  be  centered,  wings  level  could  be  nain- 
talned,  l80  degree  heading  could  be  maintained,  baxik  corrections  could 
be  made  and  normal  recoveries  could  be  achieved.  The  Cargo  group  saw 
the  Lifesaver  as  a  possible  cockpit  backup  instrument.  There  was  only 
a  moderate  amount  of  negative  feeling  in  the  Cargo  and/or  Fighter  groups 
about  the  paresent  location  of  the  Lifesaver  on  the  panel  and  as  to  the 
reliability  of  the  Instrument  beyond  that  of  previously  used  Instruments. 


gunmary  of  General  questions 

Cargo 

Many  of  the  pilots  felt  little  confidence  in  their  own  ability  to 
use  the  Lifesaver  and  constantly  reiterated  that  they  had  not  had  enough 
experience  with  it  to  use  it  properly.  In  explaining  situations  in  which 
sources  of  error  stemmed  from  themselves  they  stressed  that  the  operation 
of  the  Idfesaver  was  easily  confused  with  the  operation  of  the  turn  needle, 
that  there  was  a  tendency  to  overshoot  god  to  make  reversals.  This  last 
error  was  found  to  be  especially  true  in  maneuvers  in  which  extremely 
steep  bemks  were  involved;  one  pilot  suggested  that  a  small  placard  to 
remind  him  to  correct  into  the  twedle  would  have  been  helpful. 

Bven  though  the  pilots  viewed  themselves  as  fallible  they  did  not 
view  the  lifesaver  as  infallible.  A  conon  complaint  was  that  the  needle 
stuck  yiban  flying  steep  beuiks  euid  when  the  instrument  was  not  level  with 
panel «  Another  difficulty  with  the  needle  is  that  it  disappeared  when 
steep  beunks  were  being  flown  and  that  at  any  tine  it  was  not  completely 
visible  because  the  control  volvimn  hid  the  instrument.  Precise  centering 
was  difficult  because  the  index  and  needle  were  too  thick  and  because  of 
needle  variations  accompanying  changes  in  G's.  A  frequent  complaint  was 
that  the  Lifesaver  was  useful  only  in  conjunction  with  other  primary  instru¬ 
ments  and  that  sole  dependence  on  it  in  cua  emergency  would  be  disastrous. 

Despite  these  ccmplaints  the  feeling  that  with  specific  improvements 
the  instrument  could  be  quite  useful  was  not  absent.  It  was  suggested  that 
moore  appropriate  panel  locations  for  the  lifesaver  would  he  the  upper  left 
comer  of  the  panel,  near  the  turn  needle  and  in  a  less  critical  position 
than  it  now  appears  in.  The  majority  of  other  suggestions  approximated 


tbe  following  points:  The  needle  should  he  centered  better;  the  fudlelel 
should  he  a  tapered  a3rrov  or  triangle;  the  grading  should  yield  more  pre¬ 
cision;  the  face  marking  should  he  improved  and  the  top  Index  should  he 
narrowed. 

Fltfiter 

Although  many  ohjectlons  similar  to  those  raised  about  the  instru¬ 
ment  were  raised  by  both  groups,  the  subjects  In  the  Flght«r  groiv  seemed 
to  feel  more  favorably  about  the  LLfesaver  which  demonstrated  m 
from  the  semantic  scale  which  showed  the  C^go  the  more  favorable  group. 
These  objections  will  not  be  restated  In  this  summary  but  an  attempt  to 
poreseirt  objections  which  are  uxU.que  to  this  group. 

Various  complaints  centered  about  difficulties  with  the  Instrument 
In  specific  maneuvers.  Great  unanimity  existed  on  the  opinion  that  the 
Instrument  was  lnade<xuate  for  vertical  roll  maneuvers.  There  were  com¬ 
plaints  about  difficulties  with  the  Instrument  In  coming  out  of  a  spin 
amd  In  getting  accurate  pitch  informatiix:  when  It  was  imeded.  The  roll 
rate  was  too  slow  to  correct  quickly  and  one  pilot  cosplalned  that  be 
got  reversed  roll  Indications.  Maneuvers  were  difficult  because  you 
caimot  tell  whether  you  are  turning  with  the  instrument. 

Both  pilot  groups  objected  to  the  inflexibility  of  the  Instrument 
In  that  It  is  adeqmte  only  when  flying  South.  Also  the  recovery  direc¬ 
tion  the  LLfesaver  indicated  depended  on  tbe  direction  of  roll  Into  the 
roll  and  for  this  reason  did  not  always  indicate  the  shortest  recovery 
route. 

Both  groups  desired  that  the  Instrument  be  srelocated  on  the  panel; 
but  the  suggestions  about  replacement  were  quite  contradictory.  The 
fomser  groi^  seemed  to  wish  it  to  be  in  a  less  noticeable  more  "out-of- 
the-way"  position  where  as  this  group  {with  some  exceptions)  felt  It 
ought  to  be  neeurer  to  primary  Instruments.  This  difference  in  conceptions 
of  where  the  Lifesaver  ought  to  be  located  probably  reflected  the  differ¬ 
ence  between  the  two  groups  In  their  general  acceptance  of  the  Instrmesnt. 

The  specific  ccmnents  appear  In  Appendix  A. 

Discussion 


Tbe  results  of  the  questionnaire  have  been  presented  In  detail. 

In  this  section,  these  results  amd  the  other  factors  Isnrolvad  In  this 
pilot  orientation  Instrument  will  be  covered.  In  addition  to  the  stand¬ 
ardized  profile,  the  instrument  was  subjected  to  other  testing,  it  was 
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flown  In  areas  of  extreme  magnetic  dlsturbamces,  areas  of  large  magnetic 
variation^  Instrument  conditions  and  in  Helicopters.  Jn  each  of  these 
cases  the  Instrument  proved  to  he  useable  and  no  failures  were  observed. 

The  Instrument  was  flown  at  2h  degrees  laist  variation  and  it  bad  no 
apparent  defects  In  its  operation  although  the  roll  out  heading  of  IfiO 
degrees  was  effected.  The  areas  of  magnetic  disturbance  where  this  in¬ 
strument  was  flown  are  listed  with  the  pilot's  comments. 

1.  Marquette  -  On  a  heading  of  26^  the  Instrument  centered  with  12 
degree  bank.  On  a  heading  of  90  degrees  needle  centered  with 
18  degree  bank.  Altitude  flown  was  ^,300  feet  the  instrument 
appeared  to  be  useable. 

2.  Marenisco  -  Same  as  above  Marquette 

3.  Menahga  -  Same  as  the  other  two. 

The  Instrument  performed  satisfactorily  under  all  ambient  envlroiinental 
conditions  to  which  it  was  subjected. 

The  instrument  was  also  tested  in  a  HU-l£  Helicopter  and  although 
the  comnents  and  results  are  sketchy  it  was  reported  by  the  project 
pilot  that  certain  characteristics  of  this  instrument  made  it  quite 
acceptable  for  Helicopter  use.  The  comments  meide  were  as  follows t 

1.  Less  vibration  than  the  txim  needle 

2.  Possible  to  bracket  Kist  and  Vest  within  1 20  degrees 

3.  Possible  to  bracket  North  by  using  beu:k  course  technique 
although  it  is  difficult  to  fly. 

4.  Must  have  the  capability  of  setting  headlxig  on  the  Idfesaver 
for  use  during  power  failures. 

All  of  these  cooments  are  not  uxiique  to  Helicopters  but  the  project 
pilot  felt  that  this  device  would  be  extremely  useful  for  this  type 
aircraft.  The  results  of  the  opinion  survey  Indicates  that  pilots 
have  an  outlook  toward  this  instrument  which  is  something  other  than 
passive  and  generally  feel  that  this  is  a  good  instrument  but  does  need 
a  few  modifications. 
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The  results  of  the  semantic  differential  and  rating  liy  maneuYer 
demonstrate  a  generally  positive  attitude  towards  the  Ufesaver  hy  the 
subjects  Involved  In  the  Investigation  —  the  fanner  Indicates  that 
experience  with  the  Ufesaver  Intensified  and  In  some  eases  held  constant 
those  positive  ptreeonceptlons  which  the  pilots  possessed  before  flying 
with  the  Ufesaver.  In  practically  every  Instance  a  pre-flight  neutral 
response  was  converted  to  a  positive  post-fU^t  response  on  the  semantic 
differential.  Only  the  Cargo  group  had  seme  Instances  In  which  the  Ufe¬ 
saver  was  rated  on  certain  adjective  pairs  more  favorably  pre -flight  than 
post-flight. 

The  multiple  choice  split -ballot  section  and  the  open  ended  questlonB 
measured  more  specific  aspects  of  pilot  opinion.  Trcm  the  fostoer  It  was 
concluded  that  the  Ufesaver  was  generally  considered  an  aid  which  could 
be  used  for  the  purpose  for  which  It  was  designed  and  that  It  operated 
so  that  various  slgnlflcemt  maneuvers  could  be  achieved.  Dissatisfactions 
about  the  position  of  the  Ufesaver  on  the  psmel  was  revealed  by  the  split- 
ballot  questionnaire.  The  open^nded  questionnaire  revealed  various  dis¬ 
satisfactions.  Some  complaints  failed  to  take  Into  aceouat  the  limited 
purposes  that  the  Ufesaver  was  designed  to  fulfill  and  criticised  It  for 
Its  Inability  to  perform  tasks  for  which  It  was  never  Intended,  but  many 
complaints  had  the  legitimacy  of  Indicating  areas  In  which  the  Ufesaver 
was  unable  to  adequately  perform  its  major  functions.  These  comments 
appear  In  the  appendix. 


Chiles  A.  Gainer 


21 


References 


1*  Jenkins,  J.  J.,  Russell,  W.  A.  A  Sucl,  0«  T«  An  Atlas  of  SeflHmtle 
Itofiles  for  3^  words.  Anerlcsn  J.  Psychol..  71.  1950;  608-699» 

2.  Osgood,  C.  1.  The  Nature  and  Measurement  of  Meaning.  Feyehol.  Bull. 

1952,  U2;  197-237. 

3.  Oegood,  C.  S.  and  Lurin,  Bello.  A  Blind  Analysis  of  a  Case  of  Multiple 

personality  Using  the  Semantic  Differential.  J.  Adnocm.  Boe.  Payobol. 
195^,  iig;  519-521 

4.  Osgood,  C.  B.  and  Sucl,  0.  J.  A  Measure  of  Relation  Bstenimed  Dr  Both 

Mean  Difference  and  Profile  Information.  Peychol.  Bull.,  1952, 

291-262. 

i 

9.  Osgood,  C.  E.,  Sucl,  G.  J.,  and  lannerharn,  P.  H.  the  Measurement  of 
Meaning,  urhana,  Ihilversity  of  Illinois  Press,  1957* 

6.  KJeldergaard,  P.  M.  Attitudes  toward  Ilewscaaters  ,aa  Measured  by  the 

Sepantic  Differential:  A  Descriptive  Case.  J.  Appliad  Peychol.. 

1961,  35-40.  - - 

7.  Stagner,  R.  A  Oegood,  C.  B.  An  Experimental  Analysis  of  a  shift  in 

Frame  of  Reference.  J.  Soc.  Peytdiol.,  1946,  2^  187-219. 

6.  Webster,  H.  A  Note  on  Profile  Simularity.  Psychol.  Bull.,  1952,  49. 
938-539. 


22 


AFHEHDIX  A 


23 


l/A 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

U. 

12. 

13. 

14. 

15. 

16. 

17. 


TaHIe  4:  Cargo  UfeaaTor  -  Split  Ballot  SuaMurjr 


■nbanee  parfonMiDce 

Would  eoniult  when  diaorlentated 

Adequate  Infomatlon  for  headlog  deviation 

Best  location 

Achieve  nomal  recovery 

Adaption  la  ImmlzMnt  could  It  be  used  to 
advantage 

Maintain  vlngs  level 

Incorporate  Instrument  In  cocl^lt  as  baclcup 

Able  to  maintain  l80  degree  heading 

Able  to  make  appropriate  bank  corrections 

Capable  of  centering  needle 

Achieve  a  primary  objective  of  recovery 
from  unusual  attitude 

Reliable  Instrusient  would  sooner  believe 
than  other  instruments 

Adjust  rapidly 

Adequate  Indication  that  needle  deflection 
was  a  roll  error 

Bid  you  find  It  useful 

Make  control  reversals 


+ 

5  1 

10  1 

6  4 

3  10 

U  2 

13  1 

12  0 

12  0 

13  0 

10  1 

13  1 

4  0 

2  8 

10  0 

6  3 

22  0 

7  7 


0 

7 
2 

4 
1 
0 
0 

2 

2 

0 

3 

0 

8 

2 

3 

5 

I 

0 


1 

1 

0 

1 

0 

0 

0 

1 

0 

0 

2 

2 

1 

0 

1 

0 
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Table  5:  Fighter  Llfesaver  -  Split  Ballot  Sumaary 


+  -  0  i/a 


1.  lomal  Recoveries  ^ 

2.  Adaption  13 

3<  Easily  centering  needle  l4 

Maintain  vlngs  level  13 

l80  degree  heading  9 

6.  Correct  representation  of  bank  deviation  9 

7>  Find  It  useful  12 

8.  Make  Control  reversals  9 

9«  Incorporate  as  backup  instruaient  8 

10.  Minimize  vertigo  2 

11.  Enhance  perfomance  on  other  Instrunents  3 

12.  PlaceiDent  advantageous  on  panel  2 

13.  Used  to  advantage  ^ 

iV.  Adequate  Information  as  to  roll  deviation  9 


15.  Adequate  Infarmatlon  as  to  a  heading  deviation  9 


270 
0  10 

0  0  0 

0  10 

1  4  0 

230 
0  0  1 

2  3  0 
321 
255 
380 

903 

12  4 

2  2  1 

i  3  1 
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Suanrized  Categories  of  Conments  on  Llfesaver  Questloimalre 


Bart  n  Maneuvers 

1.  Reversal  problem 
2*  Instnunent  sticks 

Bart  m 

1.  Did  the  use  of  this  Instrument  enhance  your  performance  on  ihe  other 
flight  Instruments t 

A.  Berformance  enhanced  on  Instnaaents  used  vlthln  the  ej^iarlment. 

2.  Since  this  Instrument  Is  so  simple  and  Is  easily  centered,  would  you 
consult  It  when  disoriented? 

A.  Depends  on  what  else  Is  available. 

3*  Was  there  adequate  Information  available  In  this  Instrument  when  a 
heading  deviation  existed? 

A.  Question  unclear  —  deviation  from  what  iieadlng? 

4.  Do  you  think  that  the  present  position  of  the  Instrument  Is  the  most 
advantageous  placement? 

A.  Control  column  hides  It 

B.  Brefer  In  upper  left  corner  of  panel 

C.  On  the  basis  of  present  ei^rlence  and  information  It  appears 
to  be  correctly  placed. 

3*  Where  you  able  to  achieve  normal  recoveries  with  this  Instrument? 

A.  Only  If  addition  Instruments  were  used. 

B.  Question  does  not  specify  what  Is  meant  by  normal  recovery 
(normal  partial  panel  recovery  was  achieved). 

6.  Adoption  of  this  Instrxjment  Is  inalnent  —  do  you  feel  Llfesaver  could 
he  used  to  advantage? 

A.  Bosslbly,  hut  not  In  the  situations  1  have  encountered  in 
flying. 

7*  Could  you  handle  the  llfesaver  so  that  adequate  wings  level  was 
maintained? 

A.  Don't  understand  how  It  i«  supposed  to  he  used 

B.  Reed  more  eoqperlence  with  It 
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.  Were  you  able  to  nalntaln  a  iBO  degree  beading  with  the  LlfMaTtr? 

A.  With  the  little  practice  given  in  the  experiaBut  it 
difficult 

10.  Did  this  Instrument  direct  you  in  making  the  appropriate  bank  correo- 
tionst 

A.  Tendency  to  reversal  great 

11.  Were  you  capable  of  easily  centering  the  needlet 

A.  Index  is  too  wide 

12.  Did  the  Ufesaver  instrument  achieve  one  of  its  primary  objectivea 
—  that  of  directing  the  pilot  to  recover  from  an  unusual  attitude 
even  though  vertigo  was  experiencedt 

A.  Yes 

B.  Vertigo  not  eiq^rienced 

13.  This  is  an  extremely  reliable  Instrumenl*  would  you  believe  its 
indication  when  in  a  vertigo  state,  sooner  than  your  other 
instruments? 

A.  I  did  not  find  it  zellable;  this  must  be  because  I  have  nOQf 
had  enough  experience  with  it. 

B.  No.  The  needle  stuck 

14.  Did  you  nmke  rapid  adjustment  to  this  display? 

A.  Yes 

1$*  Since  this  Instrument  is  designed  to  be  an  aid  — •  did  you  find  it 
useful? 

A.  Only  for  I80  degree  turns 

17.  Did  you  make  control  reversals  while  using  this  instrument? 

A.  In  extrema:  positions 

B.  It  is  highly  likely  that  this  will  occur 

Beat  IV 

1.  What  effect  did  the  varying  of  *0"  force  have  on  the  performance? 

A.  None,  negligible 

2.  Was  there  an  evidence  of  erratic  functioning  with  the  iadicating 

needle? 

A.  to,  and  none  that  I  noticed 

B.  Stuck  in  extmm  positions 

C.  Stuck  when  instrument  not  level  with  Instrumaot  panel 

D.  Yes 

3.  Was  there  any  evidence  of  erroneous  indications  with  this  instrument? 

A.  No 

B.  Varying  Inaccuracies  in  centering,  or  when  0  varied 

C.  Not  inaccurate  if  used  with  needle  and  ball 
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D«  Machloe  not  Inaccurate  liut  It  Is  designed  so  that  It  is  easy 
for  the  pilot  to  be  Inaccurate  In  reading  It  —  specifically 
when  on  North  heading  easy  to  think  one  Is  oriented  to  the 
South. 

Vhat  llBiltatloni  If  any,  did  you  experience  while  using  this  -  display? 

A.  None 

B.  The  needle  sticks 

C.  General  trouble  with  heading  and  specific  trouble  with 
southernly  heading 

D.  Needle  not  clear  In  steep  banks 

K.  Tendency  to  reversal 

P.  Tendency  to  overshoot 

G.  Inadequate  except  for  l80  degree  turns 

H.  Worthless  without  additional  Instruments 

How  does  the  Instrument  compare  with  other  standby  Indicators  you 
have  flown? 

A.  Excellent 

B.  Very  good  with  some  corrections 

C.  Have  nothing  or  little  to  cong)are  this  with 

D.  Has  advantages  over  standby  magnetic  compass  when  South  Is 
satisfactory  heading 

6.  Additional  Comments: 

A.  None 

B.  Valuable  only  In  emergencies  and  In  these  emergencies  only 
In  certain  types  of  planes 

C.  Useless  In  emergency  because  it  Is  Inoperative  without  the 
aid  of  other  Instruments 

D.  Pace  marking  Is  bad 

E.  Top  Index  should  be  neurrower 

P.  It  Is  easy  to  make  reversals 

G.  Irrelevant  remarks 

H.  Criticism  of  questionnaire  —  it  does  not  supply  a  frame  of 
reference  in  tezms  of  situations  to  evalxuite  the  Instrument 
In,  and  In  terms  of  what  functions  (as  an  ancllllary  or 
Independent  Instrument)  It  Is  to  be  evaluated. 

Bsrt  V 

1.  Can  you  visualize  a  more  strategic  placement  of  this  Instrxuoent  on  the  panel? 

A.  upper  left  corner 

B.  A  less  critical  position 

C.  N6ar  the  turn  needle 
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2*  R^eise  hesdiog  control  Is  difficult  with  the  UfesaTer  InstruBBSt,  but 
could  you  hold  a  heading  of  l8o  degrees? 

A.  Approximately  l80. 

B.  Bo  because  of  the  Inperfectlon  of  the  needle*  l.e*  It  sticks^ 
dl8appe6urs  In  steep  banks 

C*  Only  If  other  Instrvunents  or  derices  are  used* 

D.  It  is  difficult  to  distinguish  between  steady  l80  and  36O 
degree  heading. 

3*  Since  a  heading  change  Is  a  resultant  of  a  roll,  we  are  concerned  as  to 
whether  the  instrvment  tended  to  be  confusing  as  to  the  type  of  error 
which  existed  a  roll  or  heading  errorT 

A.  Not  if  other  Instruments  are  used. 

B.  Bventual  but  not  Imnedlate  perception  of  the  distinction  was 
possible. 

C.  Irrelevant  answer. 

k.  Were  recoveries  frcmi  imusual  attitudes  difficult  when  using  this  Instruasntt 
A.  They  were  difficult  but  would  have  been  more  difficult  without  It* 

5.  Since  there  Is  some  suspicion  that  the  needle  nay  be  extrenely  difficult  to 
center,  did  you  have  this  e^qierlenceT 

A.  Any  conpass  Is  difficult  to  center  '••'(see  original  eoanent>- 
debateable  interpretation) 

B.  Bar  on  tcqp  too  wide  and  needle  too  thin. 

C.  Irrelevant  comment. 

6.  Since  this  Instrument  provides  both  heading  and  roll  InfomatlOD  In 
the  same  needle  we  were  wondering  if  you  experienced  any  confusion  as 
to  what  were  the  required  corrections? 

A.  seed  other  Instruments  to  determine  gulckly  and  accurately. 

B.  Tendency  to  correct  as  if  it  were  a  turn  needle. 

7.  Since  this  Is  a  new  instrument  and  is  (].ulte  dissimilar  to  any  present 
Instrument,  many  pilots  have  stated  that  they  have  experienced  scan 
adaptation  difficulties,  did  you  experience  adaptation  difficulties? 

A.  Tendency  for  reversal. 

B.  Additional  Instrunehts  required. 

C*  Needle  should  be  centered. 

D.  '  Nbedle  should  be  more  visible  and  not  stick* 

B.  Fudlclal  should  be  tapered  eurrow  or  triangle. 

F.  Pilot  needs  small  placard  reminding  him  to  correct  into  the  needle. 

G.  Nvonerlcal  index  meurks  or  grading  needed  for  more  precision. 

H.  He  should  change  the  thick  black  index  to  thin  mark. 

I.  Adaptation  difficulty  would  hot  be  experiences  in  small  aircraft. 

J.  Instrument  Is  sensitive  bank  indicator. 

K.  Zf  several  other  instruments  are  available  one  can  adapt. 
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8t  Since  uncertainty  has  been  expressed  as  to  whether  the  "Llfesaver"  pro¬ 
vides  enou4{h  Information  for  maintaining  wings  level,  there  is  Interest 
in  whether  you  detected  any  difficulties  while  flying  with  the  "Llfesaver” 
in  maintaining  control  of  wings  levelT 

A.  Difficult  If  other  Instruments  are  not  available 

B<  Although  wings  level  always  uncertain  it  was  more  clear  as 
South  was  approached. 

C.  Unless  on  southerly  heading  *(look  up  original  comment  — 
think  that  this  is  same  as  B  category  identified  above.) 

9.  Bbw  Instruments  are  difficult  to  accept  even  when  the  operation  of  the 

Instrument  and  the  display  face  are  simple.  Since  you  are  very  unfamiliar 
with  this  Instmment  do  you  think  you  would  consult  It  when  dlsorientedt 

A.  If  other  Instruments  were  (^ratlve 

B.  If  no  other  or  none  of  the  pnrimary  Instruments  were  operative 

C.  If  I  had  more  jaractica  with  it 

13 •  Could  the  resultant  effects  of  vertigo  disorientation  be  minimized  to 
a  greater  extent  through  the  use  of  some  display  other  than  Ufesavert 

A.  Yes  --  altitude,  airspeed,  and  TV  Indicator  are  better 

B.  Yes,  only  because  I  have  more  experience  with  others 

C.  When  there  are  gyros  it  is  not  best  —  otherwise  yes 

D.  An  optimistic  philosophical  note  —  there  must  be  a  better 
way  even  though  no  man  has  discovered  it  yet. 

ik.  This  Is  a  very  new  concept  for  application  to  a  flight  instrument.  Since 
you  have  had  very  little  experience  with  the  Idfesaver  would  you  believe 
the  Instrtsnent,  when  experiencing  vertigo  before  you  would  believe  your 
other  flight  instrimients? 

A.  If  I  had  more  experience  with  it,  then  possibly  I  would 

B.  Bo,  one  must  have  AS,  Alt.  etc.  Which  are  not  Indicated  on 
Llf esaver . 

C.  Only  If  I  had  nothing  else 

D.  Do  not  know 

1^.  Would  you  like  to  see  this  Instrument  dlscardedt 

A.  Bo,  If  it  Is  used  under  specific  conditions  (a  full  peurtlal  panel) 

B.  It  would  be  acceptable  with  some  changes 

C.  It  Is  better  than  a  washer  or  a  string 

16.  There  is  a  great  deal  of  negative  feeling  about  this  instrument.  Should 
this  Instrument  be  accepted  into  the  Air  Voroe  Inventory  as  a  standard 
dlsplayr 

A.  Bot  in  Its  present  position  on  the  panel  (should  he  placed  In 
the  corner). 

B.  Yes,  if  there  are  enough  emergency  situations  In  which  it  would 
be  req^ulred  to  justify  the  cost. 
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Specific  Coonents  froB  Cergo 


Furt  n 


Secovery  frcnt  nose  high  —  reversal  problens  •  1 

Maneuver  When  given  aircraft  in  left  bank  correction  aeeording 
to  Instructions  received  a  cosq^lete  reversal  to  a  right  bank.  Ihis 
would  also  be  true  given  A/C  in  a  right  bank  between  lAl  and  359 
degrees.  The  larger  correction  being  at  the  270  degree  and  90 
degree  points. 

Instrument  sticks  —1 

The  instrument  seems  to  work  fine  except  for  occasional  sticking. 

I  fail  to  see  the  application  if  it  must  always  be  oriented  South. 

Ibrt  HI 

1.  Did  the  use  of  this  instrument  enhance  your  perfaraance  on  the  other 
flight  Instruments?  -  2 

It  did  on  those  instruments  which  I  used  within  the  experiment. 
Answered  yes  on  basis  of  that  portion  of  fll|d>t  conducted  on 
this  instrument  plus  pilot  instninents. 

2.  Since  this  Instrument  is  so  simple  and  is  easily  centered,  voold  you 
consult  it  when  disoriented?  >  4 

I  would  not  necessarily  pick  this  one. 

Depends  on  idiat's  available 

Not  in  preference  to  other  instruments  if  available 
Ansifered  yes,  assimilng  gyro  instruments  inoperative 

3.  Was  there  adequate  information  available  in  this  instrument  when  a  heading 
deviation  existed?  -  3 

Question  is  unclear  —  should  have  specified  l80  degrees  as  the 
heading  and  even  from  l80  degrees  you  still  have  no  idea. 

I  don't  understand  what  is  meant  by  heading  deviations,  from 
l80  degrees? 

Deviation  from  what  heading?  With  turn  needle,  you  can  detemizte 
generally  which  direction  you're  going  but  without  it,  you  have 
no  idea.  From  l80  degrees,  you  still  have  no  idea  but  it  makes 
no  difference  really  since  your  always  correcting  back. 


2)0  you  think  that  the  present  position  of  the  Instrument  Is  the  most 
advantageous  placementT  -7 

The  control  column  which  is  too  far  forward  especially  in  a  tail 
heavy  aircraft  hides  it. 

Not  in  C-131.  Too  hard  to  see  behind  the  column,  particularly  if 
you're  in  a  tail  heavy  aircraft  with  some  flaps  down,  the  colunm 
is  too  fcur  forward,  e.g.  the  10  249  is  3o6. 

Vreter  it  in  upper  left  panel  corner. 

Would  prefer  upper  left  corner  of  panel 

Tentative  agreement  with  present  position  of  the  instrument. 

Ax>pears  to  be  placed  OK  but  would  have  to  look  further  into  q,ue8tion. 

5.  Were  you  able  to  achieve  normal  recoveries  with  this  Instrumentf  -5 

Only  if  additional  instruments  were  used  —  need  altitude,  heading 
and  airspeed 

With  use  of  altimeter  &  airspeed  too. 

Recovery  was  safe  however  altitude  and  heading  cannot  be  determined. 
Ihicleeur  about  meaning  of  normal  recovery  —  could  achieve  a  normal 
partial  panel  recovery. 

Yes,  if  by  normal  recovery  is  meant  normal  peurtlal  panel  recovery. 

6.  Adoption  of  this  instrximent  is  Imminent  —  do  you  feel  Id.fesaver  could 
be  used  to  advantage?  -3 

Possibly  —  but  not  in  the  usual  situations  which  I  encounter  in 
flying. 

It  works  but  I'm  lost  as  to  specific  application. 

Once  in  a  great  \diile. 

7.  Could  you  handle  the  "LLfesaver"  so  that  adequate  wings  level  was 
maintained?  -4 

The  way  it  is  supposed  to  be  used  is  unclear  to  me. 

Maybe  I  would  if  I  understood  how  it  would  be  used. 

I  can  achieve  wings  level  with  the  Instrument  only  if  I  have  a 
long  period  of  time  to  do  so 

Yes,  however,  it  would  take  some  time  to  get  perfectly  level 

9.  Were  you  able  to  maintain  a  l80  degree  heading  with  the  LLfesaver?  -2 
To  do  it  adequately  requires  much  practice  —  l*e.,  I  found  this 
task  very  difficult  to  achieve  with  the  instrument. 

Yes,  however,  more  practice  would  help  considerably. 

10.  Old  this  Instrument  direct  you  in  making  the  appropriate  bank  corrections? 
It  is  quite  likely  that  a  pilot  will  read  the  bank  directions  back¬ 
wards  . 

Yes,  but  only  because  of  specific  briefing  inmediately  prior  to 
flight,  otherwise,  I  think  I'd  have  read  it  backwards,  re  my 
previous  comment  on  reversing  the  Indication. 
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11.  Were  jou  capable  of  easily  centering  the  oeedleT 

Index  should  be  nsarrowsr 

Index  needs  to  be  narrow  as  previously  suggested 

12.  Did  the  Llfesaver  instrument  achieve  one  of  its  primary  objectives  — 
that  of  directing  the  pilot  to  recover  from  an  unusual  attitude  even 
though  vertigo  was  experienced? 

Tes 

Ko  vertigo  experienced 

Did  not  experience  vertigo,  maybe  because  of  the  instrument 
Ho  vertigo  eiqperienced 
Vertigo  was  not  experienced 

13.  This  is  an  extremely  reliable  instrument  would  you  believe  its  Indl- 
cati«xi  when  in  a  vertigo  state,  sooner  tham  your  other  Instfumsntst 

Attribute  lack  of  reliability  ttf.self  —  i.e.,  I  didn%  find  It 
reliable,  this  must  be  because  I  have  not  had  much  expwienee 
with  it. 

Possibly  more  training 
I  would  have  to  work  with  instrument  more 

Yes,  further  experience  would  be  very  hel|||rul.  Correetians  were 
made. 

Ho,  only  because  of  unfamiliarity 
'IRbr  needle  stuck  a  couple  of  times 
Burtlally  because  the  needle  stuck  a  couple  of  times 

14.  Did  you  make  rapid  aidjustment  to  this  display? 

Yes 

Fairly  rapid 

Yes,  consciously,  rather  than  instinctively  as  is  the  case  with 
a  familiar  instrument 

16.  Since  this  instrument  is  designed  to  be  an  aid  ->  did  you  find  it 
useful? 

I  can  only  think  of  one  situation  in  which  it  is  useful  a 
180  degree  turn 

Very  useful  for  a  safe  turn  to  160  degrees.  For  other  situations 
doubtful. 

17.  Did  you  make  control  reversals  while  using  this  instrument? 

In  extreme,  positions 

In  extreme  positions  when  needle  was  nearly  out  of  view 
Obee,  in  first  steep  bank  unusual  position 
I  did  a  few  times  and  I  did  not  but  probably  would  have  If  not 
warned  about  this  before  I  began  to  fly 
Ho  only  because  of  briefing  as  in  (10)  above 
A  couple  of  tlaws,  however,  easily  corrected 
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1.  What  effect  did  the  varying  of  "G"  force  have  on  tbe  perfoxn^ieet 

Hone; 

No  apparent  motion  noted 

None  that  vas  dlscernahle  to  the  eye 

None 

None 

None 

None 

None 

None  I  could  see 

None  -  Variation  in  needle  appeased  no  greater  than  variation 
In  hank 

None  that  I  noticed 
None 

Negllbile 

None 

Slight  movement  of  a  small  magnitude 

2.  Was  there  any  evidence  of  erratic  functioning  with  the  Indioatlng 
needle? 

Six  subjects  answered  "NO" 

Stuck  only  in  extreme  positions  >-  steep  banks 

Yes,  when  In  a  steep  bsmk  It  lagged  &  stayed  there  until  a 

second  or  two  after  wings  became  close  to  level 

Yes  stuck  on  stops  In  recovery  from  steep  banks 

Stuck  at  extreme  Indication  aft^r  control  reversal  caused 

extremely  steep  spiral 

Only  when  coming  out  of  an  extremely  steep  bank 

It  only  stuck  when  Instrument  was  not  level  with  Instrument  panel 

No,  other  than  Instrument  was  not  level  with  Instrument  panel 

Yes,  stuck  a  couple  of  times 

Yes 

3»  Vas  there  any  evidence  of  erroneous  Indications  with  this  Instrument? 

No  —  Subjects;  3,  11,  2,  8,  13,  k,  5,  9,  12,  l4,  10 
Yes  —  Subject  6 

Varying  Inaccviracles :  stuck  a  few  times  when  G  varied,  slight 
Inaccuracy  when  centered. 

Not  exactly  confusing  as  when  centered  and  near  South  beading 
direction  was  too  slight  to  be  confusing 
No  except  see  2  (stuck  a  few  times  when  G  varied) 

Not  with  use  of  needle  &  ball 

with  use  of  needle  or  ball  though 

Machine  not  Inaccurate  but  easy  for  pdlot  to  make  inaccurate  estimates 
In  reading  It 

When  on  North  heading  believed  to  be  oriented  prcqperly  to  the  South 


i|'.  Vhat  llailtatlon.  If  ercj,  did  you  e:^rlence  while  using  this  dlsplayt 
No^e  that  I  noticed  \d.th  my  limited  use  of  the  machine 
None,  within  limits  of  demonstration 
None 

Needle  sticks 
Needle  stuck 

Stuck  at  full  scale  detection  and  started  OMratlag 
Difficulty  with  southerly  heading— can't  tall  ^tmn  tuz'n  stopped, 
and  when  you  reached  southerly  heading 

Difficult  to  determine  when  yoti  have  reached  a  aontharly  haadlng 

Hard  to  tell  when  turn  wu  stopped  on  sootterly  heading 

General  trouble  with  heading 

Heading  Infonnatlon 

None  except  in  determining  heading 

Nhedle  not  clear  In  steep  hanke 

160  degree  ambiguity 

Adetjuate  for  banks  of  30  degrees  or  less  and  moderate .  olUba  and 
dives  In  absence  of  gyro  Instruments.  This  inetwawnt  aad  pilot 
Instmments  not  adequate  fw  extreme  unusual  posltldne 
Nhedle  disappears  In  steep  bemk 

Bank  angle,  l.e.,  the  needle  Is  out  of  the  free  soals  or  the 
needle  Is  fully  deflected. 

Tendency  to  reverse  Interpretation 

Required  specific  though  to  keep  from  interpreting  baekwards 
Tendency  (for  pilot)  to  overshoot  mark 

There  is  a  tendency  to  over  shoot  the  amount  of  bank  required 
It  Is  adequate  only  for  turns  to  I80.  degrees 
Could  only  accoopllsh  one  maneuver  -*•  a  safe  turn  to  IBO  degrees 
No  good  without  other  instruments 

Host  have  altimeter,  vertical  speed,  airspeed,  and  either  needle 
emd  ball  or  compass  to  Increase  ability  and  time  to  detexalne 
your  position. 

5.  How  does  the  Instrument  conpare  with  other  standby  Indicators  you 
have  flown? 

Bxcellent,  best,  good  but  needs  some  correetlras  (6  out  of  7 
subjects  say  go^  without  any  reservations). 

This  Is  adequate  Instrument  and  seems  to  have  good  reliability  but 
would  be  easier  to  use  with  the  corrections  pointed  out. 

Best 

Favorably 

ExcelLent 

Good 

Good 

Very  satisfactory 
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Bkre  nothing  to  congjore  this  to  —  have  flown  nothing  congparable 

Have  never  had  similar  types  In  A/C 

Itals  Is  the  only  one  I've  flown 

nive  never  flown  any  other  type 

Ko  experience  with  anything  conparahle 

Would  not  attempt  cooparlson,  since,  to  me,  this  Is  a  new  concept 
Bawe  only  used  standby  cosopass 
Have  little  to  conpare  this  with 

Bas  advantages  over  standby  mag.  compass  When  south  Is  a  satisfactory 
heading 

Will  say:  has  definite  advantage  over  standby  nag.  eonpass  tin  that 
a  bank  Indication  Is  available  as  long  as  South  Is  a  satlsfhctory 
heading 

6.  Additional  comments 
Hone 

Hone,  other  than  shown  else\d)ere 

Reco^ze  Its  values  In  emergencies  but  feel  It  la  not  necessary 
In  usual  situations  or  feel  that  certain  planes  don't  even  need 
It  In  an  emergency 

A  very  valuable  Instrument  under  conditions  of  power  loss.  However, 
under  normal  unusual  positions  I  would  Incorporate  it  with  ay  other 
Instmments . 

If  this  is  very  cheap  and  can  be  mounted  where  It  does  not  Interfere 
with  other  necessary  Items  It  could  be  valuable.  However,  I  do  not 
feel  It  Is  necessary  In  modern  cargo  A/C. 

Hot  useful  In  an  emergency  because  It  Is  not  operative  without  the 
aid  of  other  Instrxnoents 

Bavlng  lost  all  other  Instruments,  pilot  would  still  need  airspeed 
or  altitude  Indication. 

Face  narking  Is  bad— 

I  think  some  better  face  marking  Is  necessary 
Top  Ixidex  should  be  narrower — 

Harrow  top  Index 
Made  reversals — 

I  had  a  tendency  on  several  occaslms  to  fly  th#  needle  rather 
than  turn  toward  It  on  Initial  conrectlons. 

Irrelevant  remarks  — 

Did  not  seem  to  worry  about  whether  correction  wm  heading  or  roll 
only  to  keep  It  centered. 

This  questionnaire  could  possibly  give  you  a  conplete  Inaccurate 
picture  of  a  pilot's  ccmments.  Why,  because  you  ask  evaluation  of 
an  Instrument  under  several  conditions.  Partial  >  Ihrtiai  Ihnel  or 
Full  psurblal  panel  with  still  no  compass.  Ton  should  stata  whether 
you  consider  the  Instrument  a  supporting  inatrtawnt  to  the  others  or 
as  a  do  It  all  alone  type  Instrument  which  some  questions  lead  you 
to  believe.  Test  should  he  conducted  using  one  configuration  suid 
stating  the  exact  function  the  Instrument  la  to  perform. 
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1*  Cut  you  rlsttallze  a  aotre  stratagic  placeaent  at  tULs  tiwtnuiBt  on 
tlM  paoelf 

tJlBper  left  comer 

Blnea  it  vooU  only  be  used  as  a  last  resort,  X  veoU  loonte 
It  In  a  less  critical  or  standby  position 
Since  our  C-131'8  nre  all  different,  no  specific  opot*  X 
would  proxlaity  to  turn  needle  would  be  advantageons 

2.  ireeise  beading  control  is  dlfflexilt  with  the  UfesaTer  Instranent, 
but  could  you  hold  a  beading  of  iBO  degreesT 
With  pins  or  silnus  10  degrees 

In  steep  banks  the  needle  is  very  hard  to  find.  Xt  goes  below 
that  black  section  of  the  instrunsnt 

Steep  Banks  —  RSedle  aloost  disappears  in  steep  banks  —  dlffioLt 
to  spot  it  ineediately.  Could  be  elinlnated  with  proper  ease  or 
stops.  Beedle  e^so  tends  to  stick  on  the  stops  until  close  to 
wings  level  or  angle  of  beuok  for  centexed  needle. 

Using  needle  and  ball  or  conpass 

In  recovering  fron  all  naneuvers  using  this  Instroasnt  airspeed, 
altineter,  and  vertical  speed  you  cannot  be  sure  for  sons  tine 
you  are  actually  headed  south.  Unless  you  are  extreaely  sharp 
aitd  note  change  in  required  control  pressures,  and  direction  of 
same  being  applied,  fbis  nay  not  be  recognisable  in  varying  degrees 
of  turbulence.  Another  instrunent  aust  be  brought  in  to  detemlne 
when  you  actually  are  on  South  in  a  short  period  of  tins  say  2~l/2 
alnutes  or  less.  If  using  the  standby  coapass  a  final  direction 
of  Bast  or  West  would  be  better  than  Vorthmouth  as  a  final  dire<K 
tlon  of  above  an  overcast  depending  on  tine  of  day  wing  tip  on  sun 
can  aid  in  determining  idiether  going  1  or  8. 

It  is  difficult  to  dlstinquish  between  steady  IBO  degree  heading 
and  360  degree  heading. 

3«  Since  a  heeidlng  change  is  a  resultant  of  a  roU^  we  are  eoneemed  as 
to  whether  the  instrunent  tended  to  be  confusing  as.  to  the  type  of 
error  which  existed  >-  a  roll  or  heading  errort 

Difficult  to  x«alixe  when  you  first  arrive  at  of  IfiO 

degrees 

Confusing  only  to  the  extent  that  it  gives  no  indication  nt  all 
as  to  idilch  type  of  error  exists.  But  who  cares  if  you  can 
keep  it  fairly  well  centered! 
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ffere  recorerles  fron  unusual  attitudes  difficult  when  using  this 
Instrusentf 

Tes,  but  vouia  haTS  been  lagpoeslble  without  It 

Since  there  Is  sosie  suspicion  that  the  needle  leay  be  extrenely  dif¬ 
ficult  to  center^  did  you  have  this  experience? 

Any  cosqpass 

Why  the  wide  bar  at  the  top  and  thin  needle*  Vhy  not  the  usual 
needle  or  a  white  nark  at  the  center  of  black  bar  to  help  with 
centering? 

fiy  Halting  bank  to  180  degrees  helps  soee  In  non-low  nose  high 
attitude. 

6*  Since  this  Instarument  provides  both  heading  and  roll  Infomatlon  In  the 
saae,  we  were  wondering  if  you  experienced  any  coofusion  as  to  what  were 
the  required  coorreetlonst 

Still  need  a  needle  and  ball  or  cGsipass  to  determine  quickly  and 
accurately 

Once  —  bellere  due  to  subconsciously  correcting  as  If  It  were 
a  turn  needle 

7*  Since  this  Is  a  new  instruaent  and  Is  quite  dlsslallar  to  any  present 
Instruaent,  neuay  pilots  have  stated  that  they  have  experienced  seen 
adaptation  difficulties,  did  you  experience  adaptation  difficulties? 

Yes,  but  rapid  adaption  noted  after  first  turn  In  wrong  direction 
On  one  of  ay  first  unusual  position  recoveries  from  a  steep  bank 
I  turned  the  wrong  way,  further  steemnlng  the  bank  (protably 
because  I  flew  It  like  a  turn  needle ;  Faaillarlty  with  the 
Ixistruaent  and  better  display  would  help  In  this  respect* 

Again,  only  because  of  specific  briefing  and  because  the  test 
of  the  Instxanient  was  the  purpose  of  the  fU^t*  Otherwise,  I 
have  ay  doubts* 

For  xecovery  from  unusual  positions  the  operation  and  Interpre¬ 
tation  of  the  Instrument  should  correspond  to  the  noonal  turn 
needle*  Tbe  needle  aietlon  should  be  reversed*  I  think  In  an 
emergency,  the  tendency  would  be  to  nlslntexpret  It  the  way  It 
is  now*  Because  of  Its  similarity  to  standard  turn  needle*  I 
definitely  think  reversing  tbe  action  of  the  needle  would  be 
desirable 

Answers  were  checked  with  the  Idea  In  mind  that  these  questions 
applied  to  that  part  of  the  mission  that  Included  unusual  posi¬ 
tions  with  only  this  Instrument  sod  the  pilot  instruments*  For 
more  than  slight  banks  and  shallow  turns  additional  Instruments 
are  required* 

Ihpoesible  to  tell  when  in  a  bank 

Should  fly  with  needle  centered  for  a  definite  period  of  time 
to  be  sure  you  are  on  South  heading 

Works  much  better  when  used  In  conjunction  with  turn  needle 
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Beedle  should  have  peg  st  iiwtrimi  position  so  tbst  It  renslns  within 
sl{^t,  preferable  shovtld  stay  In  white  area.  Beg  should  also  prs’- 
vent  stlcklDg  as  It  does  sontiaes  In  the  ssxUnal  position. 

The  fudlclal  should  be  a  tapered  arrow  or  triangle  Instead  Of  bar. 
Placard  on  Instrunent  that  realnds  you  to  correct  Into  thi  needle 
until  pilot  becones  very  fanlUar  with  InstruBsnt. 

Tery  good  and  practical  type  Instrument.  With  a  little  training 
and  esqperience,  plus  a  larger  display,  some  kind  of  nuaerlcal 
Index  marks  or  grading  this  could  become  quite  a  precise  lnstru> 
nent.  There  are  jDosslbllltles  of  Integrating  two  of  these  Instru¬ 
ments  to  affect  a  continuous  and  direct  reading  of  both  heading 
and  bank. 

I  think  It  would  be  beneficial  to  change  the  thick  black  Index  to 
one  thin  mark. 

Small  aircraft  would  help  this. 

The  instrument  la  a  very  sensitive  bank  indicator. 

Using  1,  2,  *°d  4.  Delete  4  and  3  it  would  be  questionable 

especially  In  heavy  turbulence. 

8.  Since  uncertainty  has  been  expressed  as  whether  the  "Idfesaver”  provides 
enough  Information  for  maintaining  wings  level,  there  Is  Interest  In 
whether  you  detected  any  difficulties  while  flying  with  the  "Ufesaver" 

In  maintaining  control  of  wings  level? 

Unless  on  southerly  heading 

Must  tiave  mere  than  altimeter,  airspeed,  &  vertical  speed.  Answer 
no  with  additional  Instruments. 

Has  never  quite  sure  if  wings  were  level,  however,  I  knew  that 
they  were  nearly  level  as  changes  becasie  very  small  as  South 
was  approached. 


9.  low  instruments  are  difficult  to  accept  even  when  the  operation  of  the 
Instrument  and  the  display  face  are  slople.  Since  you  are  very 
with  this  instrument  do  you  think  you  would  consult  It  when  disoriented? 
I  would  consult  it,  however,  1  would  still  check  other  Instruments 
before  cospletely  relying  on  it. 

Using  1,  2,  3,  and  either  4  or  3  it  would  be  adequate  under  normal 
conditions. 

If  other  Instruments  are  operating. 

In  absence  of  primaries 

lot  unless  all  other  instruments  were  out  of  coonlsslon. 

Yes,  with  sosm  Instrument  trsdnlng  practice  using  this  Instrusmnt. 
Training  would  help. 
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10.  Did  eertalD  daf«cts  in  the  pMsentations  of  the  inatruinnt  lead  you 
to  Bake  control  Mversalst 
On  the  first  maneuver  only 

Assuming  that  you  are  In  a  right  hamk  or  level  heteeec  001  and  l60 
degrees  and  a  left  hank  or  level  between  IdO  and  3^9  degrees* 
Otherwise  no,  it  required  a  reversal  of  hank  through  wings  level 
to  return  to  a  southerly  heading* 

I  think  that  shadows  on  that  instrument  face,  seen  throuq^  blue 
Imnediately  obvious  of  wrong  direction  of  roll 

11*  About  half  the  pilots  who  have  flown  this  Instrument  indicated  that 
bank  deviations  are  incorrectly  represented  on  this  Instrunant*  Do 
you  think  that  the  bank  deviations  are  represented  correetlyt 

Actually  it  is  difficult  to  say  one  way  or  the  other.  As  I  did 
not  check  it  during  the  vertical  thorouf^ily 

lot  CM  accustomed  but  since  same  correction  for  bank  or  heading, 

I  see  no  problen. 

12*  Old  you  find  any  features  of  this  instrument  which  were  la  conflict 
with  your  performance  on  other  flight  instrumentst 

Only  with  the  tendency  to  fly  the  needle  to  the  reference,  instead 
of  the  reference  to  the  needle. 

Initial  reaction  is  that  confusion  is  caused  since  operation  is 
opposite  to  turn  needle,  a  slvller  presentation.  Conscious, 
rather  than  instinctive  corrections  will  be  required  until  instru¬ 
ment  is  familiar. 

Coablnes  two  instruments 

13*  Could  the  resultant  effects  of  vertigo  dlsorientatioa  be  aiinialxed  to  4 
greater  extent  through  the  use  of  sane  di^lay  other  than  Ufesavert 
Yes,  but  this  may  be  based  on  past  experience 
So,  it  aids  but  cannot  replace  instruments  1,  2,  sind  3  which  are 
are  basic  and  proven  reliable, 
lo,  assusing  no  gyros 

Question  has  to  be  euaswered  yes  —  there  is  always  a  better  way 
question  is  how? 

lA'*  Ihls  is  a  very  new  concept  for  application  to  a  fUf^t  Instrument* 

Since  you  have  had  very  little  experience  with  the  Ufesaver  would 
ycM  believe  the  Instrument,  when  experiencing  vertigo  before  you 
would  believe  your  other  flight  instrumentsT 
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AssuHing  that  I  had  a  chance  to  practice  aaneuvere  with  It  a 
few  tlaea,  there  would  he  no  difficulty  la  accepting  It. 

But  this  aaybe  based  on  past  eiqperlence 

Doubtful  at  this  stage  —  possibly.  If  others  obwloaaly 

untrustwortiiy 

laturally  not,  this  question  Is  redlculous.  Ufeeawer  doss 
not  glte  airspeed,  sdtltude,  etc. 

BSrd  to  say. 

1$.  Would  you  like  to  see  this  Instrunent  dlseardedt 

Hot  using  only  Instruasnt  1,  2,  and  3.  Full  partial  panel,  yee. 

But  It  should  be  chaxiged 

It's  better  than  a  washer  or  a  strlxig 

16.  There  is  a  great  deal  of  negative  feeling  about  this  Instrunent.  Should 
this  Instsrunsnt  be  accepted  into  the  Air  Farce  Inventory  as  a  standard 
dlsplayt 

Backup  way  in  the  corner 

Conditioned  on  a  study  of  cost  vs.  occurrence  of  situations  In 
which  It  could  save  an  aircraft  and  crew.  In  twenty  years  I  have 
not  experienced  nor  do  I  recsiU  hearing  of  a  situation  In  i4d.ch 
all  Instruasnts  were  lost  and  this  Instrunent  would  have  done  the 
Job. 
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Kart  n  -r  CoiMBts  on  Tarylog  Naneurers 

1.  ieeOYozy  fra  unusual  position. 

The  Indication  to  tbs  pilot  tbat  he  is  eorraetlag  in  tha  optlaun 
■annar  is  delayad  exeasslTSly  (parbaps  due  to  tba  narrev  llnlt 
aarfin  in  roll  of  tba  instrunent). 

roond  it  easy  to  follow  needia  eonands.  Roll  rate  wm  too  slow 
to  correct  tbe  needle  as  fast  as  it  could  allow.  lo  prcblsgB 
recognlting  which  beading  ataospbare  1  was  turning  throuiK 
I  belleTe  the  instrunent 's  use  allows  a  rapid  raeorery  frea 
unusual  positions. 

For  loading  changes  or  pitch  Iswel  banks  a  just  wish  to  roll 
wings  level  not  to  a  specific  heading. 

2.  Recovery  fron  roll. 

An  oscillatioD  of  l/k"  of  the  needle  was  oocasslooaily  obaerved 
(this  probably  due  to  the  sagnetic  influenee  of  the  fuel 
totallser). 

Referred  to  the  needle  and  rocked  wings  thinking  the  needle  aas 
unstable  —  actually  l  caused  the  needle  oaclUatlon.  I  was 
sllj^tly  puzzled  on  this  naneuver. 

It  is  possible  to  roll  past  inverted  flight  ans.  still  get  a 
reverse  roll  indication  fron  the  instrunent. 

Thou^t  I  was  on  South  since  needle  wm  centered  with  no  turn  rate. 
Made  cheek  and  detemlned  that  headizig  was  actually  lortb>  then 
had  no  problsn  recognizing  the  quadrant.  I  believe  that  this 
would  COBB  with  practice  and  this  check  would  always  be  bade 
if  the  needle  is  centered  with  no  turn  rate. 

The  recovery  direction  indicated  by  the  instrunent  depends  OB 
the  direction  of  the  roll  or  Inverted  i>osltlon,  i.e.,  a  clock* 
wise  roll  calls  for  a  counter  clockwise  recovery  regardleas  Of'* 
whether  the  shortest  recovery  route  would  be  to  continue  clock¬ 
wise. 

The  converse  is  also  true. 

3.  Recovery  fron  heading  changes. 

leedle  centered  with  no  turn  rate.  The  turn  check  showed  m  tkat 
I  was  near  South 

Tertical  or  Level  vertical  recoveries  are  directed  on  continuous 
rolls  or  reset  in  confused  Indications. 

The  "Stop”  Units  were  not  synnetrical. 
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4.  Bteorery  froa  Heading  Changes. 

I  dislike  the  addition  of  another  instrusnnt  glTlag  SMS  lafor* 
■atlon.  Don't  need  and  sobs  don't  want. 

Instruaent  itself  is  valueless  to  indicate  vertical  fliid^t. 

Yery  easy  to  detersdne  direction  to  roll,  then  correct  alrsyeed. 
lo  confusion  at  all.  Good  roll-out  rate.  The  turn  and  task  is 
ohriously  necessary  for  detexainlng  the  direction  nod  rate  of 
turn  and  thus  is  the  instruaent  which  gives  the  clM  to  reeegnitisn 
of  the  proper  heading  quadrant. 

Kecovery  from  a  vertical  position  is  not  possible  to  do  safely  if 
the  indications  of  the  needle  are  erolusively  relied  upon. 

This  is  due  prlaarily  to  the  fact  that  in  a  vertical  attitude  a 
roll  becoBKs  a  yaw  and  instruaent  gives  randoa  dsflections. 

5.  lecovery  from  Inverted  fll^t. 

Again,  easy  to  Interpret  the  needle  auod  follow  Its  eoasaads. 

Good  roll  out. 

The  instruaent  would  appear  in  a  different  li^it  if  the  turn 
needle  were  also  failer.  In  that  case,  lifesaver  would  be  a 
considerable  aid. 

6.  Beeovery  trcn  disorientation. 

Easy  to  detexaine  general  beading  with  needle  centered  and  then 
needle  in  slight  turn. 

Saae  cosHKnt  as  above  except  that  ay  roll  rate  was  slightly  hl^ 
and  noted  one  over-shoot  of  needle  centering.  Easy  to  reeo0olM 
and  quadrant  of  heading. 

7.  Overall  Dipresaion. 

■oted  needle  oscilletlon  as  soon  as  I  took  over. 

Marl  aim  confusion  in  vertical  position  >  roll  left  and  ri^t. 
Originally  thouid^t  that  I  was  inverted  nose  low  and  ^  Ufesaver 
instruaent  was  ay  first  clue  that  I  was  inverted. 

8.  Additional  conoents. 

In  general,  the  sensitivity  is  good  -  very  stable,  no  JuSping 
on  oscillation. 

loticed  the  fuel  counter  caused  the  needle  to  fltictuate.  However, 
this  is  no  sajor  problea. 

I  like  steady  indication  the  instruaent  presents. 

needle  is  very  stable  and  euy  to  center  and  hold  centered.  Could 

\ise  a  pip  in  dead  center. 

Instruaent  needs  sosa  device  incorporated  la  it  to  prevent  needle 
oscillations  froa  the  fuel  counter.  Mas  annoylag  but  did  not 
isake  the  Instxniaent  unxiseable. 
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Think  that  the  Instrument  poresentatlon  should  be  reversed,  i.e«, 
tij  the  needle  to  the  Index,  like  the  needle  of  a  turn  and  slip 
Indicator. 

•eoosnend  that  the  Instrument  be  made  rotatable  so  that  a  vertical 
preaentation  represents  "On  Course". 

The  Ufesaver,  like  many  possible  Instruaent  ideas,  has  Iti  nerlts 
but,  like  many  other  Instruments,  Is  not  the  conplate  ahhiier  to  the 
problem.  Primary  sidvantage  Is  that  It  Is  self>eontalned. 

Major  disadvantage  Is  that  you  never  know  If  you  are  turning 
or  not.  If  you  argue  that  the  standby  compass  will  give  you 
this  information,  then  why  not  use  the  needle  with  the  eospass. 

If  ocnplate  D.  C.  elec,  failure  compounds  the  loss  of  your  primary 
InstruBsnts  which  cure  powered  by  Inverters  then  you  really  aren't 
going  anywhere  with  the  aircraft  fastened  to  you  anyhow.  The 
Instruaent  functions  very  well  In  the  capacity  for  which  It  was 
designed.  I  did  not  misread  Its  Indications  luad  felt  that  It 
was  deaped  sufficient  enough  to  prevent  overcoBrtrol  and  overshoot. 
If  additional  markings  are  Incorporated  on  the  Instruaent  face  to 
allow  fU^t  In  some  direction  other  than  South. 

It  Is  pretty  worthless  for  recovery  from  vertical  fU^d^t.  If  the 
needle  sticks,  "you've  had  It".  Heed  some  means  of  nalntalnlng  a 
desired  heading  other  than  South. 

I  question  the  over-all  value  as  an  aid  for  electrical  failure 
because  It  doesn't  aid  the  most  dangerous  axis  -  that  of  pitch. 

In  conjunction  with  an  Instantaneous  vertical  speed  It  would  be 
great.  It  does  give  a  positive  side  up  Indication,  and  this'  Is  ' 
good ! 

lolled  out  subtly  feuit  and  noted  one  overshoot  due  to  fast  rate. 
Mgged  instrument  moves  off  peg  so  fast  It  is  easy  to  overshoot 
when  iking  correction. 

Inverted  nose  high,  300  degrees  with  the  needle  and  ball  Instrument 
covered.  Again ,,  no  problem  of  recognizing  which  way  to  turn  but 
waa  naturally  unable  to  detezmlne  heading  of  quadrant  since  no 
eompaes  or  turn  needle  was  available. 

ly  this  time,  I  found  the  approxinate  roll  rate  which  was  proper 
and  was  quite  pleased  with  the  roll  out.  Ho  trouble  centering 
the  needle  and  keeping  It  there. 
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1.  Were  ycni  able  to  achieve  norml  recoveries  irltb  this  Instnaasott 
lot  satisfactory  for  vertical  recoveries. 

Xxcept  vertical 

Once  I  fought  the  situation  lirndverently  by  roelbLng  viags. 

Depended  upon  unusual  position 

All  recoveries  were  good  except  Inverted  which,  other  pilot 
had  to  take  over 

Recovery  In  a  nose  low  attitude  It  can  Induce  a  further  nose 
low  condition.  It  Is  veiy  good  for  level,  slightly  nose  low, 
and  nose  high  (not  vertical  recoveries). 

3*  Were  you  capable  of  easily  centering  the  needlet 
Width  of  center  mark  Is  too  wide 
Narking  should  be  more  precise 
needle  should  move  In  opposite  direction 
No  cooBient.  Would  like  needle  to  move  opposite  to  present 
method 

The  centered  position  Is  too  crude  as  to  width  of  the  center 
mark  Is  too  vide  for  the  fineness  of  the  needle.  It  Is  not 
necessary  to  mark  It  like  a  needle-ball  Instrument.  Also,  It 
Is  possible  to  fly  the  Indication  to  a  much  more  precise  narking. 

4.  Could  you  baitdle  the  Llfesaver  so  that  adequate  wings  level  was  aalntalasdt 
Going  south  —  not  particularly  In  other  directions 
Going  South 

Were  you  able  to  malntsdn  a  iSO  degree  heading  with  the  Llfesavert 
Approximately 
Maintain  heading  ^lo 

6.  Were  bank  deviations  corzeotly  represented  on  tbs  Instrumsntt 
I  answered  yes  because  bank  angles  up  to  90  degrees  sesgssd 
to  give  proportional  linear  needle  displacement.  Beyond  90 
degree  bank,  needle  was  pegged. 

This  Is  a  coniblnatlon  bank  and  heading  sensing  Indicator  so  that 
a  correction  could  be  for  beuk  or  heading  or  a  combination  of  the 
two. 

8.  Did  you  xoake  control  reversals  while  using  this  Instrumentt 

I  believe  this  was  due  to  the  opposite  presentation  of  this 
Instrument  from  the  needle  of  the  turn  &  slip  indicator. 


46 


for  ov«r«thootf  In  InitinX  Moomy 

tts0  "ecNBtrol  ^rnrorMl”  fngiuttA  ffriMiaiteolltBf  nUflii  vottU 
giv*  ovarthOot  In  teak  ecotrel*  la  iNlilia  If’ llita  aalva  «u 
•aqptrianead. 

9f  Mjrlai  eotttaro3L  xararMl  t  wmm  lfea$  Z  liivaM  (Wotite-te  tea 
teat  raoovarjr  dtraotlon  —  aaa  limvtei  flilte  ateHte* 

9»  la  yea  Ucnae  lacwpcaratlng  tela  tnirtwii  lata  liw  eaaliit  aa  a  te|k 
ei  laatMMBitt 

Xf  tea  aoat  if  reaaonabla 

la  Ita  praaant  atata  no.  Zf  tea  oalftiaB  ateat  taapagtea  iafiaaawaa 
la  aaaaarad  aad  eartaia  oteair  raftaaiaate  aiia  aav  feaoa  li  oenU  te 
oaaA. 

tea  yrnaant  yMaantetloa,  l^a.y  reUlai  teHtei  tea-  naaltei  vaaU 
eaatalnly  flTa  aueh  aantoX  eoafeaioa  If  tea  altitaAa  Hriro  tel 
faUai  elteout  a  aamlag  flat  aaok  ia  tea,m-i  iBUoaMr  aaiA  tea 
111  eotttrol  pitch  or  roll  cbaaoal  teuatea  telah  ara  Mt  eneearaa 
la  filter  aircraft,  tte  teaflaaoy  aeaH  te  atraat  to  foLLoa  tea 
attltaAa  Inileator. 

]0»  Hi  tea  ttfaaarar  Inatruarat  fulfill  one  of  ita  ohjaetlrea  ->  teat  of 

idalaialte  rntigot 

Vartlto  uas  not  axparlaneed  during  f  Utet 
fartigo  prarartlon  uaa  exoallant,  (teat  aircraft  ooapaaa  and 
attetede  infapatlon  Inatrunenta  uara  eoraxed  viih  tape),  lo 
aiga  of  TerttfO  la  any  aaaeuvar. 

tertige  la  not  a  rlaually  atianlated  dlaorlentatlon  ao  ttea 
iaataraaint  could  hardly  cure  It.  ^  ..  1 

U.  Md  tea  oaa  of  thla  Instrunent  erihanoe  your  perforaance  on 
ni^  laatrtemtst 

la  reooeary  froa  unuaual  poaltione  it  did. 

22*  te  yea  teiak  teat  tee  preaent  poaition  of  the  laatruaant  Is  the  noet ' 

adtaatagaoua  placaaentt 

ffe^  Ilka  to  see  It  In  other  poaition  to  he  aure 

IheaUI  te  clooer  to  prlaary  flight  laatruMata 

yiaaa  it  teere  it  is  not  aagnetlcally  dlsteited  and  teere  it  Is 

near  tea  altlaster  aad  alrapeed  Indicator. 

da  a  ataalhy  lastraaent  It  las  satlsfaetoryj  hoseref ,  It  rould  he 
la  a  tetter  position  if  it  sere  dlmetly  la  front  of  the  pilot. 
jUieaM  te  located  near  attitude  Indicator  fer  .croasohack. 
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13.  Adoftion  of  this  inotruMnt  1«  iMlnoBt,  do  you  fool  It  eoold  bo  oood  to 
OdOOBtOCOt 

For  ooBB  peofle 

lot  In  Ito  prosent  cooflgumtlon 

Ik,  Did  tbo  laotruaent  prorlde  odequoto  Infoornotlon  m  to  Ohotlwr  o  noodlo 
doTiatloB  vaa  a  roll  errort 
But  the  air  «aa  nooth 

YeS;  If  roll  error  was  greater  than  approximtely  30  dogroo  bank 

1$.  baa  there  adequate  Infomatlon  available  in  thla  tnatruBant  vboa  a  bead* 
lag  devlatloin  exlatedt 
Oolng  South 

Bxcept  on  a  heading  of  3^0  degreea 


Bart  IF 

1.  Ihat  effect  did  the  varying  of  "0*  force  have  on  the  perfanauaeet 

lone  loted 
Slight 
lone 
lone 

lone  lotlced 

lo  noticeable  effect 

I  could  not  note  any  effect 

lo  effects  noted 

lone  that  I  noticed 

lone 

The  application  of  both  positive  "0*  and  negative  ”0”  had  no 
effect  on  perfomaanee. 

It  appeared  to  cause  an  Increased  roll  error  Indication,  but  I 
was  not  certain  of  this 

High  "G"  naneuvers  were  not  evaluated  as  specific  portion  of  the 
test 

On  heading  of  180  degrees,  3  g  would  give  a  left  needle  deflection 
which  required  1^  mean  degreed  of  rl^t  bank  to  center. 

2.  las  there  any  evidence  of  erratic  functions  with  the  Indicating  nsedlet 

Heedle  was  not  erratic,  even  In  turbulence;  however,  It  did  stick 
In  the  extreae  right  hand  posltlm  on  several  naneuvors. 

The  needle  sticks  especially  on  a  counter  clockwise  roll  Into 
Inverted  on  the  roll  out  the  needle  stays  pegged  uitU  a  near 
level  attitude  Is  reached.  This  induces  an  over  shoot  In  tbs 
recovery. 
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lea ,  stuck  nunerous  tinea  In  full  right  position 
Yes,  the  needle  stuck  to  the  right  on  one  occesslon. 

The  fuel  flow  Indicator  action  caused  a  slight  fluctuation  in  the 
needle 

Slight  oscillation^  aiqproac.  l/2  the  width  of  black  cexxter  strip,  no. 

In  the  centered  position  as  heading  approached  IBO  degrees  needle 
would  make  a  large  scaler  movement,  then  give  Indication  of  inadequate 
bank.  Noticed  In  right  turns  to  l80  degrees. 

Yes,  when  the  fvtel  counter  was  operating 

On  one  occasslon  the  needle  hung-up  when  rl^t  correction  was  required. 

Was  there  any  evidence  of  erroneous  Indications  with  the  Instrumentt 
9  Nos 

Yes,  a  roll  past  inverted  sosetlmes  resulted  In  a  direction  to 
reverse  roll. 

Randcm  Indications  when  vertical  overshoot  sub  msntloi^  above 

What  limitation.  If  any,  did  you  experience  while  using  this  displayt 
limited  In  vertical  maneuvers. 

No  good  for  vertical  recoveries.  Hive  no  way  of  knowing  the 
short  to  roll  upright 

When  the  aircraft  was  climbing  vertically  the  Instrument  did  not 
tell  me  how  to  recover 

Information  during  vertical  rolls  was  non-exlstant. 

Vertical  flight 

Recovery  from  vertical  flight 

No  help  In  vertical  recovery 

Not  satisfactory  for  a  vertical  recovery  nor  straight  down. 

The  maximum  deflection  Is  reached  at  about  40  degrees  and  the 
Instrument  pegs  on  the  opposite  direction  about  30  degrees  past 
180  degrees  of  roll,  l.e.,  210  degrees. 

It  Is  Incapable  of  handling  vertical  recoveries 

Lack  of  pitch  Information  necessitates  cross  checking  with 

alr8i>eed  and  altimeter. 

Does  not  have  the  ability  to  Indicate  dangerous  pitch  attitudes 
Poor  pitch  Interrputation  during  recovery  from  unusual  positions 
which  were  extremely  nose  high  or  nose  low.  Recovery  frcm  Inverted, 
nose  low  positions  would  be  extremely  hazai^ous. 

It  did  not  tell  me  what  the  airplane  attitude  was  until  recovered. 
Excessively  delayed  response  to  large  roll  corrections. 

I  found  no  real  limitations,  euod  I  was  confident  after  the  first 
two  maneuvers  that  the  Instnanent  would  cosnand  me  Into  a  safe 
condition  of  bemk. 


5*  lour  does  the  Initruaent  eonqpvre  vlth  other  etanShf  taSleatore  yen  hnee 
flomt 

Tory  well 

Beet  hecause  it  is  not  lljalted  to  level  flight  on  attltnOe  of  the 

aircraft  except  vertical 

Favorahly 

Z  voulA  Oefinitely  prefer  to  have  this  inetruBeat  aa  a  haek-of 
iostead  of  a  standby  attitude  instruaent  ehlch  nay  aleaya  be 
reading  differently  than  a  prlaary  one.  I  experleBced  this  case 
in  BA7  fighters  vhlcb  have  two  altitude  indicators  and  the  con¬ 
fusion  factor  can  be  dlstreasing.  The  pilot  actually  doesn't 
know  which  indicator  to  believe, 
lot  as  good  u  stamSby  pit  Indicator 

It  isn't  as  good  as  a  standby  attitude  indicator,  but  it  isn't  as 
complicated  either. 

I  prefer  em  attitude  gyro 

Only  one  other  that  standby  gyro  (horlson)  I  have  flown.  The 
artlflcal  horizon  weather  stand-by  or  the  full-blown  iastruasat 
is  better. 

A  self  contained  attitude  gyro  would  be  better.  This  instruaent 
Incorporates  heading  and  bcuok  infonaation  lAere  as  Z  would  rather 
have  then  presented  separately  as  with  a  nag.  compass  axid  an 
attitude  gyro.  The  only  tine  you  have  your  wings  level. 

Favorably,  in  concept  only 
3  no  answers  and  don't  knows. 

Ho  comparison 

6.  Additional  comments 

Gives  confidence  in  a  quick  successful  recovery  as  soon  as  needle 
is  centered,  even  before  pitch  is  corrected.  Seduces  eiross  check¬ 
ing  task  and  thus  slnplifies  recovery. 

I  like  it 
Very  ingresslve 

It  seens  uimatural  to  roll  toward  the  needle.  Z  would  prefer,  if 
possible,  an  Instrument  which  would  require  the  same  corrective 
measures  learned  for  recovering  from  unusual  positions  using  the 
turn  needle. 

(not  turning)  is  South.  I  aa  Interested  in  being  able  to  hold 
other  headings 

I  think  the  instrument  could  be  very  useful.  I  believe  it  should 
be  tested  in  a  century  series  a/C  so  that  large  airspeed  changes 
could  not  be  detected. 

I  think  the  instzument,  in  addition  to  not  allowing  recovery  from 
vertical  fllc^t,  would  not  permit  recovery  from  a  spin. 
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Burt  V 


1.  Would  you  like  to  see  this  Instrunent  discarded? 

If  It  Isn't  reliable 

2.  Do  you  feel  that  vertigo  could  he  ellnlnated  to  a  greater  extent  than 
achieved  by  the  Llfesaver  instrument? 

Do  not  feel  It  would  have  any  effect  on  vertigo  one  way  or  the 
other. 

This  Instrunent  was  not  adequate  to  recover  frcni  vertlcail  cUabs 
or  descents.  In  these  extreme  positions,  centering  the  needle 
did  not  correct  the  situation. 

Vertigo  Is  not  ellnlnated  by  any  instrunent 
I  do  not  feel  a  visual  Instrunent  will  ellnlxiate  verti^i  ■ 

I  think  vertigo  could  be  reduced  by  presenting  pitch  l^oraatlon 
on  the  same  instrument 

I  feel  that  an  operative  attitude  Indicator  has  a  greater  potential 
of  eliminating  vertigo  than  the  llfesaver;  however,  I  still  do  not 
like  the  idea  of  having  two  uncovered  attitude  instruments  In  plain 
view  at  all  times .  The  question  of  standby  electrical  power  for  the 
addltlcaial  attitude  gyro  has  never  been  fully  solved.  I  feel  that 
the  present  state  of  the  art  dictates  that  the  llfesaver  Instrument 
be  Installed  in  Ueu  of  the  additional  attitude  gyro  with  its 
attendsmt  power  requirements. 

3.  Was  the  llfesaver  Inadequate  for  maintenance  of  a  iSO  degree  hestding? 

t^lO  degrees 

The  needle  was  not  covered  so  an  indication  of  bank  was  available. 
Without  the  needle  there  would  definitely  be  confusion  as  to  which 
was  required.  This  is  not  too  important  though  as  they  both  cauacel 
as  iBO  degrees  is  approached. 

4.  Were  you  able  to  detect  any  weaknesses  in  this  Instrument  in  directing 
noormal  recoveries? 

The  oscillations  of  the  instrument  during  vertical  fli^^t  could 
easily  be  mistaken  for  turbulence  effects  and  this  could  delay 
a  timely  recovery.  I  do  not  think  this  is  a  serious  shortcosilngt 
however,  since  the  altimeter,  airspeed  and  vertical  speed  should 
quickly  indicate  the  natur#  of  the  attitude  even  if  the  Llfesaver 
is  misunderstood. 

See  previous  comments  on  roll  or  vertical  ncoverles 
Recovery  from  vertical  flight 
In  vertical  recovery 

Inability  to  accomplish  vertical  recovery 
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5*  Did  you  fizid  any  features  of  this  Inatrunent  which  were  ia  conflict 
with  your  perforaance  on  other  fUi^t  Instrunentst 
Works  in  reverse  to  mechanics  of  turn  needle 
Its  reverse  presentation  to  that  of  tbs  turn  and  slip  indicator 
Roll  corrections  axe  toward  the  needle  rather  than  the  desired 
method  of  moving  needle  to  center  Of  instrument* 

Works  opposite  tinm  needle 
Dlstxected  me  from  pitch  control. 

6.  Can  you  visualize  a  more  strategic  placmnent  for  this  Instxtmeat  on 
the  panel? 

Near  the  attitude  gyro  and  beside  the  vertical  speed  Instruasnt 
Recomnend  to  right  of  these  2  instruments.  Dhdesirabls  to  have 
near  the  turn  axid  bank  indicator. 

Closer  to  basic  Instrument  group 

Near  the  altimeter  and  airspeed  indicators  so  that  the  crosseheok 
doesn*t  require  so  much  eye  movement. 

I  found  that  the  vertical  speed  and  the  Idfesaver  became  primary 
when  the  other  instruments  were  covered  and  for  this  reason  I 
would  like  to  see  the  fastest  possible  reaction  to  unusual 
situations 

Closer  to  turn  needle 
Maybe 

7.  Since  this  is  a  new  Instrument,  and  many  pilots 
some  adaptation  difficulties,  there  is  Interest 
had  any  trouble  with  this  instrument? 

Reversal  problem 

Not  after  a  brief  orientation  fUc^t 
Poor  question 

8.  Since  a  beading  change  is  a  resultant  of  a  roll  change,  we  are  coneemed 
as  to  whether  the  instrument  tended  to  confuse  you  whoa  an  error  existed 
as  to  whether  it  was  a  roll  or  beading  error? 

It  could  be  confusing  if  no  other  bank  reference  were  available 
but  it  doesn't  nmtter.  If  the  needle  is  centered  the  reault  will 
be  as  built  into  the  Instrument  -  wings  lever  southerly  direction. 
Didn't  really  care  since  required  corrections  were  small. 

9.  Since  this  instrument  provides  both  heading  and  roll  lafognsatlon  in 
the  same  needle,  we  were  wondering  if  you  experienced  asy  eonfusiom 
as  to  what  were  the  required  corrections? 

Not  as  long  as  I  haid  the  twn  xieedle. 


stated  that  they  ha4 
in  detemdLniag  if  you 
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10*  There  is  a  feeling  that  hank  deriations  are  incoocreetly  repreaented 
on  this  instrunent.  Do  you  convly  with  this  feellagt 

I  can  see  no  tendency  to  get  Into  an  umisusd  pitch  oor  hank 
attitude  rising  the  instrunent  as  is. 

A  eonhination  heuak  and  heading  is  presented. 

You  need  another  instrunent  to  know  which  way  you're  hanking. 

11.  There  is  a  great  deal  of  negative  feeling  about  this  instnannt,  do 
you  feel  it  should  be  accepted? 

It  is  nice  hut  scmething  would  have  to  go.  VhatT  Would  prefer 
presentation  to  he  reversed,  i.e.  left  needle  deflection  required 
Right  roll. 

Very  poor  question!  Should  the  feeling  or  instrunent  be 
accepted.  instrument  requires  further  sophlstioation.  The 
principle  is  good. 

Hot  in  present  configuration. 

What,  the  feeling  or  the  Instrument?  The  Instrunent  would  be 
useful  only  if  the  turn  needle  was  inoperable. 

Heeds  further  study 

Loaded  questions,  and  nay  therefore  obscure  the  correct  answer. 
However,  I  think  that  ny  answers  are  valid. 

12.  Considering  the  various  aspects  of  the  instrument  that  might  have  been 
a  hindrance  to  you,  do  you  still  feel  this  iastrumsnt  proved  to  be 
useful? 

Quallfiedly. 

For  some  things. 

There  were  times  that  it  was  lueful  hut  I  could  have  done  Just 
as  well  without  it  —  under  the  conditions  that  existed  when  I 
flew  it. 

13.  Since  uncertainty  has  been  expressed  as  whether  the  Xlfssaver  provides 
enough  information  for  maintaining  wings  level,  there  is  Interest  In 
whether  you  detected  emy  difficulties  while  flying  with  the  Idfssavsr 
in  maintaining  control  of  wings  level? 

Other  than  I8O  degrees. 

Yes,  off  180  degrees.  \ 

Ho  trouble  when  headed  south. 

15.  Did  certed.n  defects  in  the  presentations  of  the  instrument  and/or 
other  factors  lead  you  to  make  control  reversals? 

Only  on  initial  roll  recovery. 

Only  slightly. 

Addltioxml  consMnt. 

I  think  the  instrument  has  much  in  slsplifylng  the  pilot's  task 
in  recovery  hy  eliminating  the  requlreawnt  for  extensive  InstruMst 
cross  checking.  Also  it  provides  a  rapid  indication  that  the  pilots* 
input  is  correct  and  recovery  is  in  progress.  He  needs  only  then  to 
keep  the  needle  centered  (easy  enough  to  do)  while  he  stahillzed  his 
airspeed  and  attitude. 
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Taek  Coaaultlng 

To:  Mr.  G,  YlagUng  (A88MC8)  and  I.  Tinson  (LLidc  SlTlelon) 

ec:  Mr.  J.  B.  Baame,  Capt.  B.  Haggoner,  Mr.  8.  G.  Baalery 

Mr.  R.  R.  DaTl8>  and  Meabera  of  Martin  Btonn  laglaaariag 
Group. 

rroBt  V.  K.  McCoy 

Subject:  Scoring  Syetea  Bequlreaente 


The  following  report  describes  a  seal^eiutoaMtle,  flsxlbls  and  fhirly 
eoaprebensiye  scoring  systea  for  use  In  Inwestlgatlag  eoptrel«4teplay  eon- 
figurations  and  associated  hardware  in  slanlated  enrlroaseafts.  The  refulre- 
aents  for  this  systoa  cone  fraS  the  aeasureaent  needs  of  hnaan  engineers  In 
eonduetli^g  such  Investigations. 

Ihs  huaan  engineer  Is  usually  interested  In  the  interaction  betasen 
the  huaan  operator  and  the  various  control  and/or  display  eleaents  of  ^hs 
aaehlne.  The  eoaplexlty  of  such  Interactions  pose  diifleult  aeasuriawnt 
prOblsns  to  gather  Inforaatlon  eoacemlng  these  interactions.  Tbs  eurrent 
techniques  Involve  taking  overall  systea  perfanwace  aeasureSf  whleh  Includes 
the  outputs  of  the  nan  as  well  as  tha  outputs  of  the  aaehlne,  while  systasaa- 
tleally  varying  control  and/or  display  eleaents  to  detezalne  Which  eleasnts 
produce  the  desired  systea  perforaanee. 

It  Is  desirable  to  Measure  the  total  systea  perforaanee  along  paraa- 
eters  that  will  dlscrlnlnate  between  the  variables  of  Interest.  It  Is 
appaarent,  then,  that  the  acre  paraaoters  that  are  anasured,  the  acre 
deserlpers  of  the  total  variance  of  the  systea  that  will  be  available. 

Thus,  the  Inforaatlon  available  to  dlfferenlate  between  the  variables 
of  Interest  will  be  aore  adeq\Mite. 


Ctoncently,  the  Bcorlng  syateMi  usad  In  such  BtuAtai  ara  Ualtad  la 
tha  Biaribar  of  paraaBtars  that  can  be  ■laMltaaeoualy  Maavorad*  Theaa 
aeorlDg  syateBui  are  uaually  daslgaad  aeceirdlag  to  syataa  apaolfte  cri¬ 
teria,  and  they  are,  thus,  not  flaxlbla  aaotM^  for  use  la  subsaqviBBt 
studies  unless  Identical  paraaetars  am  of  Interest.  Ibis  Is  a  serere 
Ualtatlon.  For  each  nev  study  a  aev  scoring  systen  nust  be  designed 
and  built  at  a  great  eaq^xise  In  tlae. 

The  scoring  systen  propoaed  In  this  report  will  aaasure  aore  paran- 
eters  siaultaneously  and  be  flaxlbla  enough  for  use  In  studies  where  a 
▼arlety  of  paraaeters  are  of  Interest  without  aa^or  aodlfloatiena.  This 
property  will,  in  the  long  run,  saws  naeh  tlae. 

The  following  table  lists  aangr  of  the  possible  pazaiMters  for 
neasureaent. 


Pewlatlon  frcm  Steady  state  fort 

Azlauth 
Airspeed 
Altitude 
Tertlcad  Speed 
Angle  of  Attack 
Flight  mth  Angle 
Taw 

Derlatlon  fron  a  coanand  rate  of  Otaangs  fort 

Airspeed 
Tertlcal  Speed 
Pitch  Angle 
Batik  Angle 
Yaw  Angle 

Tine  history  for: 

Blerator  Travel  Oscillographic  ■ecoorda 

Rudder  Travel 

Aileron  Travel 

Pitch  Angle 

Bank  Angle 

Yaw  Angle 


BMB  Al  AAI  Z-Y  Plot 

I  I  I  Z-Y  not 
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i  Tnalnal  neasures  for  approach  and  laxadlsg 

profiles: 

Distance  Down  Runway 
Dlspleceaent  frost  Centerline 
Q's 

Airspeed 
Rate  of  Descent 
Pitch  Angle 
Bank  Angle 

Rate  of  Change  of  Pitch  Angle 
Rate  of  Change  of  Bank  Angle 

The  paraaeters  shown  In  the  table  axe  descriptors  of  different 
aspects  of  the  total  systea  perforaanee.  It  la  felt  that.  Maoures  of 
these  paraaeters  would  allow  the  ewaluatlon  of  a  large  "^i^***  of  con¬ 
trol  and/or  dlspli^  elegeents.  The  orerall  systen  perfomaaoe  as  asa- 
Bured  along  these  paraaeters  reflects  the  eapahlUtles  dt  the  systea 
elasants,  whether  control  aodes  or  displays  of  flight  paraaeters^  for 
perforalng  given  aaxMuvers. 

Certainly  an  extreaely  precise  evaluation  of  overall  systea  perfor- 
aaxMe  could  be  made  from  aeasures  of  all  the  paraaeters  showa  In  the 
table,  but  such  a  task  would,  for  practical  reiMons,  not  be  feasible* 

In  practice,  e:q^rlence  has  shown  us  that  siaultaneous  aeasures  of  six 
paraaeters  will  provide  adequate  laforaatlon  for  the  evaluation  of  sys¬ 
tem  performance.  The  parameters  measured  would  vary  aeoordlag  to  the 
aaneuver,  or  task  being  scored. 

An  adeq,uate  saasure  of  a  parasater  should  Include  three  error  scores 
that  will  describe  the  msigaltude  of  error  and  the  variability  of  error 
about  the  given  parameter.  These  three  error  scores  aret  average  error, 
to  Indicate  the  average  of  the  deviation  fron  a  referenoe  Index  with 
regard  to  algebraic  sign;  absolute  averagh  error,  to  reve^  the  average 
of  the  deviation  from  a  reference  Index  Irregardless  of  sign;  and  root 
mean  square  error,  to  serve  as  an  Index  of  var^blUty  aboirt  the  given 
reference  perfoxmnce  level  (l.e.,  ^^e  dt,  ^^Mdt,  and 

The  scoring  system,  therefore,  should  Include  a  eosvuter  that  will 
provide  six  scoring  ehauaels,  with  each  channel  having  enough  osgllflers 
and  multipliers  to  obtain  the  three  error  scores  for  eaoh  selected  paran- 
eter.  Ideally  a  sequencer  and  printer  should  be  used  to  enable  the  prlnt- 
Ix^  out  of  scores  at  selected  points  In  a  predetermined  profile.  This 
property  would  allow  the  analysis  of  the  error  scores  by  maneuvers,  or 


3 


tMks.  Further,  if  the  perameters  being  eeored  on  the  elx  seorlng  ohunele 
could  be  changed  at  will  a  "full  adsalon"  profile  could  be  aoored.  In  that 
the  paranetera  conaldered  laportaat  for  perforalng  a  glran  naneurer  could 
be  neasured  when  that  given  naneurer  oeeurred  In  the  profile.  That  la, 
during  any  alnulnted  flight  of  a  pra-detendned  profile,  the  aeleeted  porta* 
etera  being  neaaured  In  the  elz  scoring  cbannele  could  be  ohanged  ao  that 
during  different  phases  of  the  profile,  different  paranetera  could  ha  aaa* 
sured.  Scores  for  one  phase  of  the  profile  could  be  printed  out,  olaarlng 
the  channels,  and  the  scoring  channela  could  then  be  used  to  score  paran- 
eters  appropriate  for  the  next  phase  of  the  profile,  etc. 

The  full  nlsslon  scoring  capability  also  requires  that  the  refUrenee 
Index  froBi  which  the  error  scores  are  ccnputad,  ha  mrlahla.  that  Is,  we 
should  be  able  to  change  the  reference  Index  as  appropriate  to  changes  In 
naneuvers  being  scored.  For  exaapla.  In  a  cUnib  out  auiettver,  the  reference 
Index  for  vertical  speed  nay  ba  3^000  feet  per  nlaute  fron  which  to  coaputa 
error.  After  level  off  this  reference  should  be  aero. 

Also  to  avoid  distorting  scores  on  one  naneuver  because  of  errors  on 
the  preceding  aaneuver,  we  should  be  able  to  Interrupt  the  scoring  seqjuenea 
to  nake  any  necessaxy  adjustaants  of  the  position  of  the  slanlator  so  that 
all  subject  pilots  would  begin  the  naneuvers  frcai  the  sane  point  rogasrdlass 
of  where  they  conpleted  the  preceding  aaneuver. 

Along  with  the  six  scoring  channels  to  Uhtaln  the  error  scores  descrihod 
above.  It  would  be  desirable  to  Ubtaln,  also,  tias  histories  of  control  aove> 
neats,  as  reflected  la  elevator,  rudder  and  aileron  travel  and  v^ele  nova* 
aents  In  the  pitch,  roll,  aid  yaw  axes  as  well  as  Z*T  plots  of  psrfonpanos 
vs.  range  (altitude  and  aslsnxth  vs.  range,  for  approach  and  landing  profiles 
and  taksoff  and  cllaibout  profiles). 

In  Bunnary,  the  proposed  scoring  systen  should  inelnds  the  following 
basic  coapoaents;  a  coaputer  to  provide  six  scooring  ohaansls  that  will  give 
three  error  scores  on  each  selected  paraneter;  a  sequencer  and  printer  with 
associated  decision  asking  nstworks  to  provide  the  flezlbls  full  alssion 
scoring  capability;  an  eight  channel  oscillograph  to  provide  the  desired 
tlas  histories  of  control  and  vehicle  aovenent;  and  two  Z-T  plotters  to 
provide  the  tine  histories  of  perfomanee  vs.  range. 
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4. 

Description 

The  unique  feature  of  this  particular  piece  of  equipment  is  its 
capability  to  present  several  types  of  infonsatlon  on  a  six  by  eight 
inch  viewing  screen  for  preselected  periods  of  time.  Shis  information 
includes  sixteen  alphanumeric  characters  (ten  mashers  and  six  symbols) 
and  four  cursors  which  can  be  presented  on  the  viewer  with  respect  to 
X>T  coordinates.  In  addition  to  these  symbols,  a  small, moving,  comet* 
like  dot  of  light  can  be  continuously  displayed  anywhere  on  the  screen. 
Moreover,  this  instrument  can  project  six  different  background  grids 
along  with  the  aforesientloned  syhbois  for  three  different  time  exposures. 
Thus,  it  has  the  capability  of  displaying  one  moving  vehicle  plus  cer¬ 
tain  infotsutlon  concerning  its  behavior  with  respect  to  a  specific  course 
of  flight.  There  is,  however,  one  major  liad.tatloa  with  respect  to  the 
use  of  this  instrument  in  aircraft  or  space  vehicles,  and  that  is  the 
slow  rate  at  which  alphanumeric  or  cursor  symbols  can  be  displayed  on 
the  viewing  screen.  An  estimated  5-10  seconds  is  required  to  present 
a  combination  of  alphanumeric  characters  or  cursors  which,  for  prac¬ 
tical  puxposes,  precludes  the  use  of  this  instrosent  for  the  display  of 
ccatinnonsly  changing  data  such  as  airspeed,  vertical  velocity,  etc. 
However,  this  does  not  mean  that  the  photodaomic  display  device  cannot 
in  some  way  be  utilized  during  the  Mazk  IV  simnlstlon  stndly  or  other 
future  projects. 


Use 


With  specific  reference  to  the  Mark  IV  program^  the  photochroalc 
display  dsTiee  can  he  ntlllced  to  present  tvo  types  of  InforBatlon. 

First,  in  order  to  enhance  fidelity  of  eiamlation  it  is  8iigge8ted'<that 
a  prelanding  chdcklist  be  presented  to  the  pilot.  This  conld  easily 
be  done  by  placing  a  slide  of  the  checklist  in  the  instnaent  to  be 
projected  Just  prior  to  entering  the  sianlated  flight  profile.  Dura¬ 
tion  of  presentation  can  be  controlled  by  the  pilot  by  Mans  of  a  badc- 
ground  grid  selection  svitch. 

Secondly,  it  should  be  recalled  that  no  horizontal  situation  indi¬ 
cator  or  distance  aeasuraaent  equlpount  is  included  among  . the  lfazk'>  IT 
displays.  Brenthough  it  is  liQOssible  to  present  a  three  dlBensional 
display  of  the  vehicle's  flight  path,  desirable  navigation  Infozaatlon 
can  be  preseated  the  pilot  through  use  of  the  photochroalc  display  device. 

A  background  grid  containing  eui  outline  of  the  desired  gross  flight  path 
profile  would  be  projected  on  the  viewer  during  the  initial  four  ainutes 
and  twenty  seconds  of  sianlated  flight  (Figure  l).  A  background  grid 
showing  a  oagnified  view'  of  the  resuiinlng  thiree  minutes  and  twenty  seconds 
of  flight  would  then  replace  the  gross  flight  profile  on  the  viewer 
(Figure  2).  A  small, moving,  comet-like  dot  of  light  would  represent  the 
flight  of  the  vehicle  edong  the  desired  course.  This  infonuitlon  would 
allow  the  pilot  to  gain  valuable  position  infonsatlon  at  a  glance. 

The  photochromlc  capability  of  this  instrument  conld  be  utilized  by 
periodically  presenting  the  pilot  with  data  concerning  the  amount  of  time 
that  remains  before  landing  end  the  cosnund  aJ.titude  at  specific  points 
along  the  flight  path  profile  (Figures  1  and  2).  Data  concerning  the 
amount  of  flight  time  remaining  would  allow  the  pilot  to  continually  pre- 

himself  for  landing  during  the  entire  mission,  cmd  the  cossnand  alti¬ 
tude  infonsatlon  would  enable  bla  to  readily  detensine  his  deviation  from 
the  reqtilred  altitude  at  several  specific  positions  during  the  flight. 

This  would  be  especially  isportant  during  the  Mark  IV  flight  profile  where 
a  descent  of  some  six  miles  is  required  during  a  period  of  less  than  eight 
minutes . 

There  are,  however,  several  minor  problems  associated  with  the  pre¬ 
sentation  of  the  aforementioned  information.  Since  the  photochrcmic  dis¬ 
play  device  has  the  capability  of  reproducing  only  twenty  different  sysbols, 
the  flight  time  remaining  and  enmmand  altitude  data  cannot  be  labeled 
directly  as  such;  the  use  of  syoibols  will  be  required.  For  example,  com¬ 
mand  altitude  data  could  be  labeled  with  a  plus  sign,  l.e.,-t-23  000,  and 
the  flight  time  remaining  data  could  be  designated  by  the  runway  cursor, 
i.e.  ||3  to  (Figures  1  and  2). 
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Figure  1.  Gross  Flle^t  Profile 


Figure  2.  Magnified  Flight  Profile 


A  tecbnlcal  proiblem  which  nnst  be  resolwed  is  the  deterBlaatioii  of 
the  length  of  time  reqtilred  for  the  photoehroBlc  display  device  to  pre¬ 
sent  the  conmand  altitude  and  reulnlng  flight  time  data  on  the  viewing 
screen.  This  variable  would  deteznine  how  many  times  these  data  are  to 
be  presented  during  the  entire  mission. 

• 

There  is  possibly  another  technical  problem  which  shoold  not  be  over- 
looked,  and  that  Is  the  accuracy  of  the  information  presented  on  the  viewer. 
When  the  background  grid  Is  changed  from  the  gross  view  to  the  magnified  view 
of  the  final  portion  of  the  flight  path,  care  should  be  taken  to  make  certsdn 
that  the  second  background  grid  Is  In  the  sane  alignment  as  was  the  first. 
Misalignment  would  give  the  pilot  an  Incorrect  view  of  his  vehicle  In  rela¬ 
tion  to  the  flight  path. 

Research 


Even  though  the  Information  conveyed  to  the  pilot  from  this  display 
nay  appear  to  be  valtiable  and  useful,  it  Is  strongly  suggested  that  a 
research  study  be  undertaken  to  detemine  whether  or  not  these  additional 
data  actually  enhance  pilot  perfozmemce  during  simulator  fll^pit.  aach  a 
study  could  be  conducted  In  conjunction  with  the  regular  Mazic  IV  research 
program.  It  would  require  that  each  subject  be  given  one  trial  using  the 
photochromic  display  device  for  each  condition  used  during  the  Mark  IV 
research  study.  For  example,  if  during  the  Mark  IV  study,  the  pilot  flies 
the  simulator  flight  profile  with  only  the  pitch  axis  operating,  and  roll 
and  yaw  held  constant,  he  would  be  irequlred  to  fly  one  profile  using  the 
photochromic  display  and  then  repeat  the  same  fllf^t  profile  without  the 
display.  This  would  also  be  the  ease  for  edl  other  ecsidltlons  of  the 
experiment.  Trials,  of  course,  would  be  counter-balanced  for  each  condi¬ 
tion  of  the  experiment  with  respect  to  the  use  of  the  photochrcsaic  display. 
The  same  measurements  would  be  taken  for  slU  experimental  trisds.  The  Mark 
IV  data  gathered  without  the  use  of  the  photochroad.c  display  would  then  be 
collared  with  the  data  obtained  while  the  display  was  In  use  to  detezmlne 
whether  or  not  any  differences  In  perfozmsoice  are  present.  This  effort 
would  require  approximately  fifteen  to  thirty  ad.nutes  additional  time  per 
subject  per  condition;  no  additions^  nmnpower  would  be  needed. 

Future  Use 


In  the  future,  when  the  photochromic  display  device  has  the  capability 
of  receiving  inputs  directly  from  a  cosputer,  the  use  of  the  instroMnt  can 
be  expanded  to  Include  Interc^tlon  or  rendezvous  Bd.8slons.  It  would  be 
possible  to  represent  the  pilot's  vehicle  with  the  smaU, moving,  dot  of 
light  as  In  the  Mark  IV  program;  an  silphanimerlc  symbol  would  designate 
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thfe  poiition  vhere  the  approaching  aircraft  will  ha  intare^tad  (or 
point  in  opaea  whara  randazvoas  ia  to  occur),  and  tha  flight  dlraetlon 
Of  tha  approaching  aircraft  could  ha  continually  praaentad  hy  naana  of 
a  curaor  ayObol  (Kgure  3)< 

Praaontation  of  tha  approaching  wehicla  praaanta  a  tacfenleal  prohlan 
dua  to  the  aatiaated  1-3  aaconda  raqulrad  to  raprodnea  the  curaor  ajiacl 
OB  the  wiawar.  Howawer,  thia  difficulty  could  ha  owercoM  hy  aacartaini^ 
the  dlatanca  that  the  approaching  vehicle  would  traral  during  thia  t^  iM 
hawe  the  coaputar  calculata  tha  location  of  thia  wehicla  at  the  tine  the 
curaor  would  appear  on  the  viewer.  Iha  aya(bol  of  tha  approaching  Tdd.cla 
would  not  Bova  continnoualy,  hut  rather  it  would  prograaa  acroaa  the  acroM 
bmU,  diatinct  ineraaenta  toward  tha  point  of  intarception.  Ihe  pilot 
would  *kwa  ha  able  to  ohearve  the  prograaa  of  hia  vehicla  and  the  prograaa 
of  tha  target  toward  a  predatenained  point  of  contact. 


Frank  0.  Mullen 
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Introdnctioa 


mis  is  the  initied  study  of  a  program  designed  to  investigate  the 
feasibility  of  the  proposed  descent  and  land  flight  profile  for  tl^ 

Maurk  IV  manned  space  vehicle  re-entering  the  earth's  atmosphere  after  a  30 
days  snstained  orbital  mission.  Althoogh  the  Mazk  IV  is  a  hypothetical 
qpaee  vehicle,  it  parallels  closely  with  the  Bynasoar  vehicle  and  mission. 
Composed  of  two  pilots  and  two  technicians,  the  Mazk  IV' s  mission  is  to 
serve  as  a  launching  platform  for  five  missiles,  each  of  which  can  be 
programmed,  fired,  and  maneuvered,  to  a  limited  extent,  within  the  atmos¬ 
phere  to  strike  a  pre-selected  target  (Ref.  1). 

Because  the  Mark  IV  is  constructed  with  aerodynamic  characteristics 
that  provide  the  pilots  with  the  capability  of  flying  the  vehicle  within 
the  atmosphere,  re-entry  is  initiated  at  a  point  which  permits  the  vbhlele 
to  land  at  a  desired  base.  As  the  vehicle  re-enters  the  atmosphere,  it 
will  be  controlled  along  a  flight  path  which  does  not  exceed  certain  man* 
env9ring  limits  while  at  the  same  time  allowing  it  to  dissipate  energy  at 
the  required  rate  to  arrive  at  a  terminal  area  with  sufficient  speed  and 
altitude  to  effect  a  safe  approach  and  landing. 


statement  of  the  Problem 


The  haslc  question  to  he  answered  hy  this  study  Is  -  Can  the  profile  be 
flown?  This  query  can  be  subdivided  Into  nmerons  problems  requiring  Inves¬ 
tigation,  of  which  the  following  are  foremost: 

1.  Can  the  descent  profile  be  flown  as  It  px'esently  exists  to  permit 
the  space  vehicle  to  reliably  effect  a  safe  approach  and  landing? 

2.  If  the  exlstixig  profile  does  not  result  In  consistent  performance 
of  the  flight  tadE,  what  alterations  should  be  instituted  to 
achieve  the  optimum  descent  profile? 

3<  Vhat  additional  cocliplt  Instrumentation  and  controls  are  essential 
to  slnq^lfy  the  pilot's  task  of  Information  integration  snd,  thos, 
enhance  the  probability  of  a  Bale  approach  and  landing? 

4.  In  flying  the  profile,  what  are  the  quantitative  values  of  the 
more  liqportant  flight  parameters  during  each  phase? 

Bre-lSxperlmental 

nxe  pre-eacperlmental  phase  of  the  profile  measxvaaent  study  will  be 
devoted  to  conducting  three  subject  pilots  through  an  extensive  series  of 
experimental  sessions.  To  provide  a  representative  sample  of  the  pilot 
population  to  be  employed  in  the  study,  one  pre -experimental  subject  will .. 
be  selected  from  each  of  the  three  participating  orgemlzatlons.  By  utlllk/i!> 
ing  this  sampling  procedure,  results  obtained  In  pre-eo^ezlmental  work  can 
be  safely  theorized  to  exist  for  the  entire  subject  pqpxilatlon.  A  more 
detailed  discussion  of  the  experimental  subject  pilots  Is  presented  later 
In  this  document. 

?be  primary  objective  of  the  pre-experimental  efforts  will  be  directed 
toward  resolving  a  salient  Issue  regarding  task  learning,  and  the  detezmlna- 
tlon  of  conditions  which  produce  Increased  learning  efficiency. 

As  set  forth  In  Underwood  (Ref.  2),  there  are  essentially  three  methods 
of  performance  measurement  In  m^tlple  response  learning  from  which  learning 
curves  can  be  constructed. 

1.  mastery  level  after  a  given  nunber  of  trials  or  for  a  given  length 
of  time 

2.  ntnber  of  trials  or  amount  of  time  required  to  reach  a  given 
criterion  of  mastery  set  by  the  e3q)erlmenter 

3.  error  reduction 
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Diere  are  argaments  for  the  nae  of  all  three  methods,  hut  rather  than  pro¬ 
ceeding  with  a  somewhat  lengthy  and  involved  diseuseion  of  the  merits  and 
dlffienlties  of  each,  it's  the  intent  only  to  point  out  the  training  tech¬ 
nique  to  he  instituted  vlU  evolve  from  the  pre-experimental  uoik* 

Basically,  the  aim  of  the  research  on  the  proposed  descent  pattern  is 
not  to  project  differences  in  perfoxmanee  among  the  subjects  after  they  have 
flown  a  pre-determined  ntmher  of  practice  trials,  hut  Instead  to  permit  each 
stibject  to  attain  a  high  degree  of  proficiency  in  the  flight  tadc,  regardless 
of  the  number  of  trials  required,  before  coemencing  with  data  collection  runs. 
Thns,  the  problem  is  posed  of  Judging  when  each  subject  has  approached  asgphtote 
of  perfoxmemce  and  upon  what  set  of  criteria  this  decision  will  be  founded. 

The  initial  endeavor  to  select  the  point  at  which  taSk  learning  attained 
by  the  subject  results  in  an  acceptable  level  of  skill  and  reliability  will 
be  made  by  scoring  and  analyzing  data  measured  from  the  parameters  listed 
below:  (refer  to  Scoring  Equipment  section  for  types  of  recordings) 

1.  edtltude  vs.  range 

2.  altitude  vs.  time 

3.  Mach  vs.  time 

4.  Mach  vs.  altitude 

vehicle  track  deviation  from  the  desired  pattern 

Bata  from  these  parameters  vill  be  sasroled  at  cheOkpolnts  2  to  12  Inclusive 
located  throughout  the  entire  profile  (see  pictorial  layout  of  the  descent 
pattern),  which  will  provide  ^5  data  points  for  each  trial.  The  values 
obtained  will  be  examined  at  each  of  the  eleven  significant  chedi^oints  to 
ascertain  If  they  fall  within  the  desired  tolerance  for  that  parameter. 

During  the  pre-experlment«d  phase,  these  tolerance  bands  will  be  sp<eiM^ 
by  plotting  the  values  scored  from  all  runs  flown  by  the  three  subject 
pilots.  In  this  manner,  a  trend  analysis  of  task  learning  can  be  per¬ 
formed  resulting  in  realistic  limits  of  acceptable  skill  levels  on  each 
parameter. 

This  trlals-to-crlterla  technique,  as  outlined  by  Uhderwood  in 
Method  transforms  the  raw  scores  into  a  plot  of  the  nuSber  of  trials 
It  has  taken  each  subject  to  reach  arbitrarily  established  successive  per- 
ftmnance  levels,  thus,  generally  yielding  a  negatively  accelerated  learn¬ 
ing  curve. 

In  addition  to  using  the  five  measured  parameters  as  the  fundamental 
criteria  for  evaluating  the  proficiency  of  the  subjects  on  the  flight  task, 
a  frequency  count  will  be  transacted  during  the  practice  trials  to  disclose 
the  noBber  of  vehicle  control  losses  and  the  time  and  condition  existing 
when  these  failures  occurred.  Due  to  the  unstable  characteristics  of  the 
space  simulator  at  the  higher  altitudes  in  the  profile,  it  is  anticipated 
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that  a  spin-out  will  not  be  uncoanon  In  the  coarse  of  early  practice  runs. 
Recording  these  losses  of  vehicle  control  will  provide  another  method  of 
assessing  the  subject's  progress  with  respect  to  flight  task  familiarization. 

This  tally  corresponds  to  Ihiderwood's  third  method  since  discrete 
peurts  of  the  perfoioance  can  be  measured  separately.  If  a  learning  curve 
Is  constructed  for  each  subject  from  these  data,  a  study  can  be  made  of 
the  sources  of  difficulty  In  learning  the  task. 

In  substance,  the  stage  at  which  the  stibjeet  pilot  is  considered  to 
have  achieved  an  acceptable  degree  of  proficiency  on  the  assigned  task 
will  be  dependent  upon  a  conq^arlson  of  his  measured  values,  scored  on 
successfully  ccnpleted  runs,  against  an  eo^lrlcally  determined  set  of 
standards. 

However,  if  the  pre-experlmental  phase  reveals  the  criteria  men¬ 
tioned  above  for  Judging  the  subject's  qualifying  performance  level  necess¬ 
itates  extensive  data  redaction,  a  technique  of  giving  an  equal  nusber  of 
practice  trials  to  all  pilots  will  be  employed.  (Method  ||b.)  In  using  this 
approach  to  flight  task  learning,  sufficient  trials  will  be  administered 
for  the  pilots  to  attain  a  realistic  level  of  proflcim^.  Again,  data 
derived  frcm  the  pre-experlmental  sttbjects  will  be  us^'for  designating  the 
quantity  of  practice  trials  essential  for  achievement  of  adequate  flight 
task  performance.  Training  will  be  acconqplished  in  such  a  manner  as  to 
have  approximately  ear  equivalent  amount  of  error  for  each  individual  prior 
to  departure  on  the  actual  experimental  runs. 

Confidently,  an  intensive  and  critical  examination  of  the  data  gen¬ 
erated  from  the  three  pre-eaqpexlmehtal  subjects  will  provide  an  insight 
as  to  which  of  the  two  techniques,  training  to  a  criterion  using  an  tin- 
equal  number  of  practice  trials  or  giving  a  specified  mmiber  of  trials 
to  all  pilots,  will  be  best  salted  for  this  study. 

A  memorandum  will  be  published  at  the  conclusion  of  the  pre-experlmental 
work  reporting  the  knowledge  obtained  and  subsequent  decisions. 

Experimental  Procedure 

Ihe  study  will  be  conducted  In  two  parts.  The  Initial  sessions 
will  be  considered  a  practice  period  with  the  actual  scoring  of  the 
runs  for  data  analysis  taking  place  during  the  final  session. 
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Practice  Se8slODs(8) 

Hhe  object  of  the  practice  period  Is  to  provide  an  opportunity  for  each 
subject  pilot  to  becone  cos^letely  familiar  with  the  descent  and  land  pro¬ 
file  before  being  asked  to  perform  for  pniposes  of  data  measorement.  There¬ 
fore,  the  subject  pilot  will  be  encooraged  to  practice  until  he  Is  confident 
of  the  slnnlator's  handling  characteristics  and  In  his  ability  to  fly  the 
assigned  task. 

ypon  reporting  for  Session  I,  the  subject  will  be  briefed  thoppoghly 
on  all  facets  of  the  descent  and  land  profile.  This  Instruction  vlU  be 
In  the  form  of  a  "chalk  talk"  by  the  experimenter  and  will  Include  values 
of  airspeeds,  altitudes,  flight  path  angles,  euad  headings  to  be  flown, 
navigational  aids  available,  location  of  check:  points  In  the  profile, 
timing,  and  finally,  a  discussion  of  the  slnnlatoill^  flight  dynamics.  The 
manner  In  which  the  study  Is  to  be  conducted  and  the  time  involved  wlUL  be 
egqplalned  to  the  stOsject.  Special  emphasis  will  be  placed  tpon  the  con¬ 
ception  of  establishing  a  relaxed  Informal  atiaosphere  which  will  result 
in  the  maximum  flow  of  information.  Any  questions  presented  by  the  sub¬ 
ject  de8j.lng  with  the  task  or  the  experimental  procedure  will  be  readily 
answered. 

At  the  conclusion  of  the  flight  task  briefing,  the  subject  will  be 
familiarized  with  the  cockpit  controls  and  Instrumentation.  A  pictorial 
layout  of  the  descent  pattern  will  be  displayed  In  the  cockpit  above  the 
instrument  panel  for  use  as  a  quick  reference  by  the  pilot  while  perform¬ 
ing  the  task. 

For  trials  1  and  2,  the  experimenter  will  be  seated  In  the  coc^lt 
and  perform  the  duties  of  an  Instructor  pilot  by  coaching  the  subject 
during  the  performance  of  the  flight  task  and  critiquing  him  at  the 
termination  of  the  run.  Commencing  with  trial  3,  the  run  will  only 
be  monitored  from  the  experimenter's  scoring  station  outside  the  sim¬ 
ulator  cockpit  for  the  correction  of  misunderstandings  regarding  the 
assigned  task  and  gross  errors  in  the  execution  of  It. 

It  Is  hoped  that  approximately  7  practice  trials  will  be  sufficient 
for  the  subject  to  attain  at  least  an  acceptable  degree  of  skill  and 
reliability  on  the  descent  profile  and,  optimistically,  his  asymototic  per- 
fonnance  level  will  have  been  reached.  A  stipulation  will  be  Imposed  that 
a  maximum  of  7  trials  can  be  flown  In  the  first  practice  session,  aad  a 
minimum  of  6  be  given,  even  though  early  achievement  of  desired  'tosk  per¬ 
formance  may  have  been  acquired.  Also,  If  It  becomes  readily  apparent  to 
the  experimenter  during  Session  I  that  the  subject  pilot  Is  having  diffi¬ 
culty  In  adjusting  to  the  flight  task,  that  Individual  will  be  requested 
to  return  for  an  additional  training  session. 
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The  ultimate  evaluation  concerning  task  learning  will  not  be  made 
until  the  termination  of  the  first  training  period  for  each  subject, 
whereupon  an  analysis  of  the  recorded  data  will  be  conducted.  The  decision 
will  be  based  tgpon  sample  scoring  of  the  practice  runs  and  a  coaparison  of 
the  flight  parameters,  previously  outlined  in  this  dooment,  with  the  pre« 
detemined  performance  criteria.  This  assessment  will  be  facilitated  by 
taking  recorded  measurements  of  trials  3>  4,  emd  7  iQ  order  to  construct 
a  learning  curve  to  depict  the  rate  of  the  experimental  sTibJect's  progress. 
And  finally,  a  relatively  stable  estimate  of  the  current  proficiency  level 
is  needed  to  Judge  whether  the  subject  is  prepared  to  mbark  on  data  coUee- 
tion  runs.  A  mean  emd  standard  deviation,  caqmted  from  trials  ^,6  emd  7> 
will  be  utilized  as  the  values  on  which  tMs  decision  is  founded.  For 
example.  If  these  computed  scores  fall  within  the  tolerance  limits,  which 
were  eoplrlcally  determined  in  the  pre-experlmental  work,  at  10  of  the  11 
significant  check  points,  the  subject  will  be  considered  to  have  had  ade¬ 
quate  training  and  can  proceed  with  the  experimental  runs  in  the  follow¬ 
ing  session. 

If  the  plotted  learning  curve  indicates  the  pilot's  proficiency  on 
the  flight  task  is  still  deficient,  however,  he  will  be  scheduled  for 
supplementary  training.  Should  the  subject  fall  to  qualify  to  the  accept¬ 
able  level  of  performance  after  15  practice  trials,  he  will  be  excused 
from  further  participation  in  thO.  study. 

In  simmary,  a  scientific  and  objective  evaluation  on  the  feasibility 
of  the  descent  and  land  profile  under  investigation  demands  that  the  data 
emanating  from  the  study  be  authentic  and  consistent.  Ihese  pr<^erties 
of' validn  measurements  for  all  flight  parameters  being  recorded  and  analyzed 
are  predicated  ipon  eliminating  any  significant  effects  of  task  learning 
prior  to  commencing  with  the  data  collection  runs.  ^Hms,  it  can  be  deduced 
that  determination  of  whether  each  stibject  has  attained  the  acceptable  level 
of  flight  task  proficiency,  as  set  forth  by  the  pre-experimental  standards, 
is  of  extreme  inportance  in  producing  accurate  experimental  results. 

Time  Breakdown  of  Practice  Session  I 

Each  trial  consists  of  8  minutes  in  duration  with  an  additional  2 
minutes  required  for  resetting  the  equipment  to  the  starting  values  and 
provide  time  for  the  pilot  to  establish  the  initial  launch  attitude  con¬ 
ditions.  Thus,  a  minimum  of  10  minutes  will  be  consumed  for  each  cosplete 
descent  run.  The  2  minutes  resetting  time  can  be  utilized  by  the  subject 
as  a  short  rest  period  and  for  asking  questions. 

Briefing  on  flight  task  10  minutes 

Discussion  of  experimental  procedure  5  minutes 

Cockpit  checkout  5  minutes 

7  practice  trials  1:10 

Total  1:30 
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Data  Ac4nl8j,tlon  Session 

The  second  and  final  part  of  the  study  vlU  be  devoted  prlaarlly  to 
the  actual  collection  of  data  on  the  degree  of  skill  in  which  the  subject 
pilots  can  reliably  perfont  on  the  descent  and  land  profile. 

Bach  subject  will  be  scheduled  to  return  for  the  data  acquisition 
session  shortly  after  he  has  conpleted  his  flight  task  tralnlag.  Ideally > 
the  time  interval  between  the  final  practice  period  and  the  actual  eqperi> 
mental  session  would  be  l8  to  30  hours  or  oveml^t,  but  in  any  case,  the 
time  arpan  will  be  no  longer  than  3  days,  e.g.,  Monday  -  nmrsday,  Friday  - 
Monday.  By  restricting  the  between-sessioa- time-interval,  the  nusdser  of 
runs  necessary  for  the  individual  to  again  achieve  his  peal  proficiency 
level  on  the  task  will  be  k^t  to  a  minimum.  Infoimstlon  derived  from 
pre-experlmental  should  Indicate  the  ntaaber  of  practice  trials  needed  in 
the  final  data  acquisition  session  to  relearn  the  flight  task. 

It  is  estimated  that  two  practice  trials  will  be  adequate  for  the 
subject  to  become  thoroughly  conqietent  again  in  flying  the  descent  pro¬ 
file.  Subsequently  then,  runs  3,  3  and  6  will  be  scored  for  egqterl- 

mental  data  reduction  auod  analysis. 

It  is  essential  to  state  at  this  time  that  the  subject  will  be  unavure 
that  only  selected  trials  will  be  scored  for  measurement  purposes.  During 
the  course  of  the  initial  briefing  prior  to  Session  I,  the  experimenter  will 
point  out  that  decisions  on  the  feasibility  of  the  pr^ile  will  be  based  on 
the  data  obtained  from  their  performance  of  the  task,  therefore,  it  is  of 
the  utmost  ingportance  that  each  amd  every  run  be  flown  as  precisely  as 
possible. 

At  the  conclusion  of  the  four  experimental  runs,  the  subject  will  he 
administered  a  coiiq>rehensive  questionnaire  regarding  his  opinions  on  the 
descent  and  land  profile  and  suggested  methods  for  Inqprovlng  the  reliabil¬ 
ity  of  successful  touchdowns. 

Time  breakdown  for  Data  Acquisition  Session:^  '.ir  ..e.o  .•  > 


Se-brleflng  on  flight  task 

10  minutes 

2  practice  trials 

20  minutes 

k  scored  runs 

40  minutes 

Conqplete  questionnaire 

20  minutes 

Total 

1:30 
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Flight  Task 


The  flight  task  to  be  perfomed  by  the  subject  pilots  in  the  ^yper80Qic 
ME-1  simulator  is  a  360  degree  flame>out. pattern  designed  to  pezalt  a  safe 
approach  and  landing  for  a  space  vehicle  returning  from  an  ox^ital  mission. 
Beginning  at  a  point  where  the  pilot  can  make  positive  control  iiqpnts  with 
respect  to  vehicle  attitude  (120,000  feet),  and  texmlnatlng  on  the  nmwsy 
at  an  altitude  of  0  feet,  the  descent  pattern  is  flown  in  a  power-off  or 
"dead  stick"  condition.  (Refs.  3  end  k) 

The  vehicle  is  equipped  with  tip  CKtenslons,  irtiich  will  remain  soctended 
throughout  the  flight,  speed  brakes  producing  drag  effect  of  vazying  amounts 
selected  by  the  pilot,  and  finally,  a  "one-shot"  landing  skid  system,  navi¬ 
gational  infozmation,  presented  by  the  ESI,  will  be  conqposed  of  VOR  stations 
with  BME  capability  located  at  the  high  key  and  aiming  points. 

For  a  detailed  description  of  the  flight  tadc,  see  the  following  figure 
of  the  descent  pattern. 

A  delineation  of  Mach  values  for  the  entire  altitude  ramge  is  presented 
below: 


Altltxide 

Mach 

IAS 

Significant  Events 

120  M 

5.90 

Starting  values 

110  M 

100  M 

3.30 

290  K 

deceleration  phase 

90  M 

2.65 

290  K 

80  M 

2.10 

290  K 

70  M 

1.70 

290  K 

60  M 

1.40 

290  K 

50  M 

l.l4 

290  K 

45  M 

1.03 

290  K 

kO  M 

.94 

290  K 

Begin  decelerating  to  I80  K 

35  M 

.85 

290  K 

30  M 

.49 

180  K 

25  M 

.44 

180  K 

20  M 

.40 

180  K 

15  M 

.36 

180  K 

begin  accelerating  to  29O  K 

10  M 

5,000' 

.48 

290  K 

acceleration  phase 

4,000' 

.47 

290  K 

3,000' 

.465 

290  K 

2,000' 

.46 

290  K 

1,000' 

.45 

290  K 

Lower  landing  skids 

500' 

.38 

250  K 

Begin  flare 

touchdown 

.265 

175  K 

V/V  less  than  600  FPM 
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Apparatns 

Tbe  investlgatloa  of  the  descent  profile  will  he  conducted  In  a  modi¬ 
fied  MB-1  flight  simulator.  The  Link  Division  of  General  Precision  Inc. 
transformed  an  HZ-1  trainer  Into  an  evaluation  de'idce  for  flrst-geneiratlon 
space  hypersonic  flight  Instruments  and  systms  typical  of  vAilcles  which 
will  he  operational  hy  1965*  (Ref.  9). 

This  simulator,  designated  the  hypersonic  MB-1,  has  flight  equations 
similar  to  the  proposed  Air  Force  Dynasoar  vehicle.  The  resulting  dynamics 
are  such  that  at  altitudes  above  80,000  feet  the  vehicle  is  highly  unstable 
with  an  Ixnrease  In  stability,  pexmltting  greater  precision  flying,  as  the 
vdilcle  descends  to  lower  eQ.tltude8. 

Some  of  the  simulator's  capabilities  that  will  be  utilised  In  the 
present  study  are: 

1.  Mach  .2  -  6.0 

2.  Altitude  0  -  120,000  feet 

3.  Vertical  velocity  rates  0  -  83,000  Ifll 

4.  ^peed  brakes  -  variable  degrees  of  extension 

5.  Tip  extensions  -  Outi  ■  i  ■ 

6.  Skid  system  -  replaces  landing  gear  ay  stem 

Cockpit  controls  have  been  provided  for  selecting  any  desired  Initial 
launch  condition  for  Mach,  altitude  and  heading.  Also,  a  three-position  ■- 
switch  permits  the  pilot  to  set  a  descent  attitude  prior  to  starting 
on  the  run  and  if  an  out-of-control  condition  Is  encountered  during  the 
descent,  the  pilot  can  switch  to  a  "panic”  mode  which  returns  the  vehicle 
to  stralght-and-level  flight.  Other  switches  Installed  are  a  RKUSkEB  button 
to  launch  the  vehicle  on  the  run  and  a  RBSBT  button  to  return  the  vehicle 
to  the  selected  starting  values. 

Instrumentation  in  the  Rypersonlc  HE-1  simulator  will  consist  of: 

1.  Three-Axis-Attitude  Indicator  with  the  display  of  heading  Informa¬ 
tion  on  the  rotating  ball.  Although  they  will  not  be  utilised  on 
the  profile  experiment,  this  Lear-btiilt  Instrtment  also  has  the 
provision  for  depicting  commanded  Information  for  pitch,,  bank  and 
flight  j>ath  angle. 

2.  Mach  Indicator  consisting  of  a  moving  tape  with  a  scale  extending 
from  .00  to  6.0  Mach.  Bendlx  Is  the  manufacturer. 
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3>  Altitude  Infoxmatlon  from  0  to  120^000  feet  is  displayed  on  a 
Bendlx  moving  tape  Instnment. 

4.  Vertical  Velocity  rates  are  provided  by  a  moving  tape  and  a  moving 
pointer.  Tbe  moving  pointer  describes  vertical  rates  on  a  scale 
existing  to  1300  PPM,  and  eoiy  rate  exceeding  the  limits  of  this 
fixed  scale  are  displayed  in  the  appropriate  window  opposite  the 
stalled  pointer  on  the  Kollsman  Instrument.  (Ref.  10) 

3.  Angle  of  Attack  and  Acceleration  Is  presented  on  a  moving  tape 

with  a  cross-hatched  area  r^resentlng  "minimum  safe  speed”  region. 
Hie  acceleration  tape  scale  is  from  0  to  7  Q's  and  a  digital  read¬ 
out  can  be  seen  below  the  tape  on  the  KOUsman  Instrument.  (Ref.  lO) 

6.  Horizontal  Situation  Indicator  (HSI)  with  BMX  capability. 

7.  Trim  Indicators  for  elevators,  ailerons  and  rudders  gives  the 
pilot  the  capability  to  set  up  the  same  pre-launch  attitude  for 
each  run  and  to  determlae  If  his  vehicle  is  trimmed  xq?  properly 
during  the  flight. 

8.  Skid  Position  Indicator 

9.  Hack  Clock 


Subjects 

Because  the  flight  profile  to  be  performed  In  the  Hypersonic  simulator 
requires  a  high  degree  of  skill,  which  possibly  the  average  pilot  cannot 
achieve  without  extensive  training,  selection  of  pilots  will  be  rather 
discriminative . 

Experimental  subject  pilots  will  be  drawn  from  the  following  organizations 

1.  Fighter  Operations  Division  of  Flight  Test 

2.  Bomber  Operations  Division  of  Flight  Test 

3.  Jet  Instrument  School  of  Patterson  Training  Division 

Subjects  procured  frcm  these  units  can  be  considered  above  the  noznal 
pilot  population  In  ability,  experience,  and  current  flying  proficiency 
due  to  the  type  of  cockpit  assignment  In  which  they  are  engaged.  In 
fact,  several  Individuals  from  the  Fighter  and  Bosiber  Test  Divisions 
have  been  nominated  for  primary  roles  in  the  United  States  0pace  effort. 
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O'bvioQBly  then,  there  are  no  tetter  qualified  pilots  available  locally  for 
perfomlng  in  an  investigation  of  the  re-entry  descent  and  land  profile. 

!Ihe  noaber  of  pilots  schednled  to  fly  in  the  study  vlll  vary  betveen  a 
ininians  of  four  (4)  and  a  aaxlnnm  of  twelve  (12)  with  the  eacact  quantity 
dependent  on  the  availability  of  qualified  pilots  at  the  time.  Tbie  criteria 
of  availability  includes  scheduling  for  the  data  acquisition  session  within 
1-3  days  after  conpleting  flight  task  training. 

Qualifications  to  be  net  by  participating  subjects  are: 

1.  current  Instrunent  rating  (mandatory) 

2.  qualified  in  Jet  aircraft  (mandatory) 

3.  attained  1500  hours  flying  time  (mandatory) 

k.  flown  100  hours  in  the  last  six  months  (mandatory) 

5.  simulator  or  in-flight  experience  with  the  Air  Force 

Integrated  instrument  panel  (desired) 

6.  experience  in  space  vehicle  simulators  (desired) 

Since  participation  in  the  study  by  the  subject  pilots  will  be  of  a  vol¬ 
unteer  nature,  an  attempt  will  be  made  to  crodlt  one  hour  of  simulator 
training  for  the  subjects  in  the  fulfillment  of  their  annual,  ground  train¬ 
ing  requirement. 

Ihe  subjects  selected  and  trained  for. this  initial  feasibility  fetudy 
of  the  descent  profile  will  be  considered  as  fozming  a  nucleus  of  pilots  to 
be  called  on  to  participate  in  future  follow-on  experiments.  Due  to  the 
complexity  of  the  tai^,  training  different  pilots  for  each  phase  of  the 
profile  measurement  program  would  prove  to  be  unduly  burdensome  and  time 
consuming.  Thus,  those  pilots  eo^prlslng  this  specific  experimental  sob- 
Ject  pool  will  be  familiar  with  the  program  objectives  and,  furthermore, 
will  require  merely  a  short  refresher  period  in  the  slmnlator  to  again 
achieve  an  acceptable  level  of  proficiency  on  the  basic  fllcd^t  task. 

Scoring  Equipment 

For  the  purpose  of  recording  selected  measurements  from  the  simulator 
regarding  the  subject  pilot's  deviation  from  the  prescribed  flight  task, 
two  basic  scoring  instruments  will  be  utilized.  These  scoring  devices 
consist  of  two  oscillographic  recorders  and  four  X-Y  plotters  measuring 
the  following  parameters:  (Refs.  5  end  6) 

Offner  Oscillographic  Recorder  -  scored  from  launch  to  touchdown 

1.  Altitude  -  three  different  scales  were  required  to  provide  ade¬ 
quate  resolution  over  the  entire  descent  profile  (120,000  to 

k0,000  feet,  ^,000  to  5>000  feet,  and  5>000  feet  to  touchdown). 
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Offner  OseiUogrsphic  Rseorder  Cent. 

2.  Tertleal  Velocity  (h) 

3*  Landing  ikldt 

4.  0-load  aeed.aratloii  in  the  vertical  axia  (AZd) 

5.  Flight  path  angle  (Slir) 

6.  Yaw  or  side-alip  ai^e  (p) 

7>  Tine  -  one  second  interv^s 

Sandbome  Oscillographic  Recorder  «  scored  fron  laimoh  to  toaehdown 

1.  Indicated  velocity  (Vi) 

2.  0-load  accelerations  in  the  lateral  axis  (AYA) 

3.  Bank  angle  (SIH^) 
it'.  S^eed  brakes 

5.  Angle  of  attack  (•( ) 

6.  Pitch  attitude  .  , 

7*  G-load  accelerations  in  the  logitodlnal  axis  (AXA) 

8.  Mach 

9.  Time  -  one  second  Intervals 

x-y  Plotter  #L  ‘ 

!Ihi8  scoring  device  will  be  activated  froa  lannch  to  hltfi  key.  She 
pen  transcribes  a  line  on  graph  paper  as  the  vehicle  progresses  for¬ 
ward  on  the  X  axis  (range)  and  descends  on  the  Y  axis  (altitude). 

X-Y  Plotter  #2 

Scoring  from  launch  to  high  key,  the  pen  describes  track  deviation  fron 
North  on  the  X  axis  as  the  vehicle  descends  on  the  Y  axis. 

X-y  Plotter  #3 

The  flight  path  to  be  flown  is  pre-printed  on  die  graph  paper  so  the 
pen  depicts  the  variance  of  the  actnal  path  flown  against  the  desired 
flight  path  fron  high  key  to  toaehdown. 

X-y  Plotter  #4 

A  time  history  plot  of  heading  fron  high  key  to  toaehdown  is  nade  on 
graph  paper  lcd.d  ont  in  a  circle. 
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Opinion  Data 

A  con^rehenslve  general  opinion  questlomtalre  will  be  adttlnletered 
to  tbe  subject  pilots  at  the  conclusion  of  the  Data  Acquisition  Session. 
A  brief  sketch  of  the  techniques  to  be  esployed  on  tbe  questionnaire  Is 
presented. 


!•  Bating:  scale  of  descriptive  adjectives  -  Ibe  scale  Is  blocked  out 
Into  columns  and  rows  consisting  of  ten  graphic  teiss,  such  as 
realistic,  uncontrollable,  sensitive,  etc.,  listed  across  the  top 
of  the  page  and  seven  Intervals  of  altitude  frost  120,000  feat  to 
touchdown  recorded  down  the  side,  nie  subject  is  ahked  to  reflect 
his  oplniOD  of  the  response  characteristics  of  the  qpace  vehicle 
at  the  various  altitudes  throughout  the  descent  and  land  profile  by 
placing  an  "x"  In  the  appropriate  column.  He  may  mark  as  kany 
descriptive  terms  for  each  Eiltltude  interval  as  he  deesw  necessary. 
A  compilation  of  this  descriptive  Infonsatlon  will  result  in  a 
general  critique  of  the  dynamics  and  stability  system  of  the 
Hypersonic  MS-1  simulator. 

2.  Unstructured  rating  scale  -  Printed  on  a  page  of  the  questionnaire 
will  be  a  horizontal  line  of  etpeciflc  length  representing  strengths 
of  difficulty  on  a  continuum  ranging  from  the  least  difficult  value 
on  the  left  to  the  most  difficult  on  the  extreme  right.  The  sub¬ 
ject's  task  Is  to  strike  a  vertical  line  on  the  rating  scale  to 
depict  the  degree  of  difficulty  he  encountered  In  performing  the 
assigned  flight  profile.  Results  derived  from  this  technique 
will  be  portrayed  by  an  estimated  mean  and  median  drawn  on  the 
scale.  Caution  must  be  exercised  In  the  Interpretation  of  the 
findings  since  the  scale  merely  represents  an  attitude  disposi¬ 
tion  of  the  subjects  and  not  a  precise  and  well-defined  quantitative 
value. 

3.  Pictorial  drawing  of  the  pattern  -  Of  extreme  Interest  are  any 
slgnlflceuit  changes  from  the  assigned  task  eiqployed  by  the  subject 
pilots  that  are  considered  to  be  of  definite  benefit  In  achieving 
the  optliBum  descent  profile.  Points  at  which  the  speed  brakes  and 
landing  skids  were  operated  are  also  useful  Information.  Therefore, 
a  letdown  plate  of  tbe  descent  pattern  will  be  provided  for  the 
experimental  subjects  to  Indicate  the  location  in  the  profile  when 
these  alterations  or  events  occurred. 

h.  General  questions  -  Approximately  thirty  questions  will  be  presented 
to  elieit  specific  written  oosnents  os  a  variety  of  topics  Including 
simulator  stability  and  control,  problem  areas  in  the  profile 
requiring  further  Investigation,  critique  of  tbe  flight  tadc 
Instructions  and  the  overall  experimental  procedure,  etc. 
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It  has  been  found  in  past  sianlator  stodies  that  siibjeet  pilots  viU 
not  always  express  their  oplnloas  as  easily  or  SBplleitly  on  a  questioii- 
naire  as  they  will  when  talking  infoxnally  witil  the  soq^rlMBter.  Ihere* 
fore,  to  retain  Tsloahle  Infoivatlon  esdtted  ^  the  snbjeets  in  candid  ob> 
the-spot  coassents  auide  while  they  are  actually  flylag  the  sianlator  on  the 
profile,  a  alcropbone  and  tape  recorder  will  be  installed  in  the  sianlator. 
The  experlnenter  will  be  able  to  record  coovwsatioa  wlthih  the  cockpit  or 
interphone  eoasnnl cation  between  the  cockpit  and  experiaenter's  stattoa  oat*- 
side  the  cockpit.  (Refs.  7  sBd  8)  IQiese  taped  coBwersatlons  will  be 
assimilated  and  coabined  with  the  written  answers  tinder  a  General  Coaaents 
Section  of  the  final  task  report. 

Data  Analysis 

Because  the  profile  aeasnresient  study  is  merely  an  abridged  inTesti> 
gatlon  regarding  the  inherent  feasibility  of  the  proposed  descent  pattern 
and  not  a  typical  experiment  in  which  variables  are  manipulated,  the  sta¬ 
tistical  treatment  of  the  data  acquired  from  the  oscillographic  recorders 
and  X-Y  plotters  will  be  limited  to  a  certain  extent.  The  dmta  analysis 
performed  will  be  principally  for  the  purpose  of  describing  the  average 
flight  path  flown  by  the  participating  pilots  and  any  consistently  signi¬ 
ficant  deviations  from  the  programed  track. 

The  recorded  measurements  will  be  sasq^led  at  lO-second  Intervals,  so 
there  will  be  46  data  points  (7  min.  40  secs.)  for  each  of  the  l6  parameters 
being  scored  yielding  a  total  of  738  values  per  e^gjierlmeatal  mn.  BY  add¬ 
ing  the  score  derived  at  one  of  these  spaclflc  points  in  time  with  the 
same  respective  point  on  all  four  of  the  data  collection  mas  performed  by 
a  subject  pilot,  the  mean  and  standard  deviation  (measare  of  dispersion  or 
variability)  of  that  selected  point  can  be  computed.  Tfans,  a  time-history 
plot  of  the  cosputed  mean  and  standard  deviational  values  for  all  sixteen 
parameters  will  result  in  a  representative  observation  of  an  individual's 
performance  on  the  profile. 

When  the  measured  values  for  cdl  experimental  subjects  has  been  reduced 
in  this  manner,  a  critical  examination  of  the  data  can  proceed  in  an  effort 
to  answer  the  four  questions  posed,  and  which  the  study  was  designed  to 
resolve. 

1.  Does  the  existing  profile  permit  consistent  and  effective  performance? 

A  statistical  analysis  of  the  plotted  mean  performance  values  of  all 
subjects  will  determine  if  their  flight  paths  seemed  to  be  fairly 
sinllar  or  if  a  large  variability  in  j^erformance  was  prevalent. 

Sources  of  difficulty  in  the  profile  can  be  readily  detected,  and  it 
will  also  be  possible  to  estimate  the  percentage  of  safe  approaches) 

«md  landings  accoiplished. 
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2.  What  alteratloQB  are  needed  to  inprove  the  profile? 

If  the  mean  valnes  froa  each  Individnal  are  grocqped  together  by 
parameter  and  then  a  mean  and  standard  deviation  are  coopnted  across 
all  subjects  at  the  46  points,  the  resultant  will  be  sixteen  time* 
history  plots  of  the  entire  profile  describing  the  average  track 
flown  euod  the  variation  about  It.  When  each  of  these  mean  profiles 
Is  coqpared  point-by-polnt  with  the  corresponding  desired  parameter 
value,  significant  deviations  vUl  be  revealed,  thus,  indicating  areas 
needing  alterations  and  to  what  proportions  the  profile  should  be  revised 

3.  What  additional  co<±plt  Instrumentation  and  controls  should  bS  Installed 
to  Improve  perfonuuice? 

In  a  360  degree  overhead  pattern  of  this  type  where  extglne  thrust  Is 
not  available,  there  Is  very  little  margin  for  error  froa  the  required 
values I  and  still  be  able  to  safely  reach  the  field.  It, Is  an  espscladly 
tenuous  condition  If  the  pilot,  discovers  he  Is  falling  short  of  the  pre> 
scribed  airspeeds  and  altitudes,  nierefore,  the  problem  of  Infoxmatlon 
Integration  and  pre-planning  Is  a  very  real  one  for  the  proposed  descent 
and  land  profile.  In  order  to  sinqpllfy  the  pilot’s  flying  task,  an  sn-- 
deavor  vlU  be  made  to  ferret  out  deficient  areas  of  Information  display 
and  vehicle  control.  A  scrutiny  of  the  regions  In  the  profile  that  pro¬ 
duced  vast  amounts  of  variability  among  the  stibJectB,  and  also  an  Inspec¬ 
tion  of  excessive  deviations  between  the  sixteen  mean  parameter  profiles^ 
collapsed  across  subjects, .and  the  established  patterns,  should  provl'le 
a  perception  Into  what  additional  displays  and  cockpit  controls  would 
be  appropriate.  Furthexnore,  the  cplulon  data,  ooiqplled  from  the  ques¬ 
tionnaire  submitted  to  the  subjects  and  the  taped  recordings  of  their 
verbal  caments,  will  be  useful  Insdeteimlnlng  pilots'  needs  fOr  Supple¬ 
mental  cockpit  equipment  Items. 

4.  What  are  the  quantitative  values  for  the  MEFT  parameters? 

The  mean  values  derived  from  the  subjects  on  all  experimental  runs  flown 
will  be  used  to  update  the  MXFT  parameters  that  have  been  previously 
defined  (Befs.  3  and  4)  and  to  outline  other  loportant  oP^rattri' yehSitO^/' 
aquipsent  and  display  functions.  !nie  MEFT  analysis  will  describe  the 
parameters  at  Intervals  of  every  10  seconds,  but  a  more  precise  break¬ 
down  of  the  Information  can  be  made  If  future  recpiirements  dictate. 

There  Is  a  possibility  that  the  data  measured  and  recorded  from  the 
study  may  be  so  voltnlnous  that  a  cosqplete  reduction  and  analysis  of  the 
Information  would  be  nther  Impractical  from  the  standpoint  of  the  excessive 
amount  of  time  consumed  and  the  number  of  personnel  engaged  In  the  activity. 
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cc;  J.  H.  Kearns,  Capt.  C.  E.  Waggoner,  Mr.  E.  L.  Warren, 

Mr.  R.  R.  Davis,  Mr.  E.  Vinson,  Mr.  J.  K.  Charlton, 

Mr.  S.  G.  Hasler  and  all  members  of  the  Martin  Human 
Engineering  Group. 

From:  J,  E.  Brown 

Subject:  Some  Research  Variables  for  the  Three-Axis  Controller: 

Justification  for  Farther  Investigation  of  Location,  Azi¬ 
muthal  Angle,  Vertical  Angle,  and  Handgrip  Variables 
Associated  with  the  Mark  IV  Three -Axis  Force  Controller. 


The  purpose  of  this  paper  Is  to  suggest  some  critical  research 
areas  for  the  Mark  IV  Three-Axis  Force  Controller  and  to  present  a 
discussion  of  each  of  these  areas.  In  discussing  the  variables,  the 
reasons  for  Investigating  each  will  be  pointed  out.  It  Is  hoped  that 
the  Information  contained  herein  will  be  of  use  In  selecting  the 
appropriate  experimented  design  to  be  used  to  Investigate  the  Inter¬ 
relationships  of  the  proposed  variables. 

Introduction 


The  three-axle  force  controller  which  will  be  utilized  In  the  Mark  IV-B 
cockpit  is  a  most  unique  type  of  control  device.  At  piresent,  very  little 
empirical  data  Is  available  concerning  performace  using  this  particular 
controller.  To  date,  one  study  has  been  conducted  to  develop  a  techlnque 
for  setting  the  gains  or  control  sensitivity  for  the  controller.  As  a 
result  of  this  study,  several  problem  areas  requiring  additional  analyt¬ 
ical  and  empirical  reseench  efforts  have  been  Indicated. 


Perhaps  the  more  prominent  of  these  research  areas,  cmd  one  to 
which  this  paper  addresses  Itself,  are  the  prohlesw  of  location,  vertical 
angle,  and  handgrip  variables.  Location  refers  to  the  placesMnt  of  the 
three-axis  controller  in  the  Nark  IV  cockpit.  The  term  vertical  angle 
refers  to  the  tilt  of  the  control  post  from  the  perpendicular.  Finally, 
handgrip  variables  refer  to  types  of  handgrips,  snch  as  palm-down  cuid 
tpright  (pistol  grip)  handgrips.  Before  these  variables  are  dlsenssed, 
however,  it  would  be  useful  to  present  some  information  about  the  three- 
axis  controller. 

Mark  IV  Three -Axis  Force  Controller 


The  three-axis  controller  referred  to  in  this  paper  appeared 
initially  as  a  concept  in  the  Mark  IV  final  Report  (7).  This  concept 
was  refined  and  developed  until  finally  a  usable  proportional  three- 
axis  force  control  device  was  fabricated  by  Lear-Siegler,  Inc.,  Grand 
Rapids,  Michigan.  In  its  piresent  form,  the  Lear  three-axis  controller 
consists  of  the  mechanism  and  handgrip  shown  in  Figure  1.  The  handgrip 
is  a  shaped  grip,  and  is  used  with  the  right  hand  placed  in  a  palm-down 
position  over  the  grip.  The  mechanism  works  iqpon  the  piezo-electric 
principle.  Very  sliiq;>ly,  the  principle  is  esployed  in  the  following 
manner:  When  pressure  is  applied  to  the  handgrip  it  is  transmitted 
through  the  control  rod  into  the  sensor  unit.  The  control  rod  bends 
until  It  makes  contact  with  an  electrically  charged  ceramic  crystal. 
Depending  upon  the  amount  of  force  applied,  the  control  rod  causes  the 
ceramic  crystal  to  be  warped  so  that  it  resonates  at  a  frequency  propor¬ 
tional  to  the  amount  of  pressure  applied.  Electrical  plckoffs  located 
on  the  crystal  sense  the  changes  in  resonating  frequency  euid  send  an 
electrical  voltage  proportional  to  the  amount  of  force  applied  to  the 
control  system.  There  is  some  slight  control  displacement  (.020  of  an 
inch)  due  to  the  warping  of  the  cereunic  crystals  and  the  bending  of  the 
control  rod  to  which  the  handgrip  is  attached.  Ihe  output  curves  for 
adl  three  axes  are  reported  by  the  manufacturer  to  be  linear.  The  break¬ 
out  force  for  each  axis  Is  anpz’oxlmately  3~lnch  pounds.  Maximum  force 
output  for  each  axis  is  approximately  13-lnch  pounds.  Mechanical  stops 
prevent  the  maximum  safe  force  limit  from  being  exceeded.  According  to 
Mr.  R.  Lukso,  Design  Engineer  of  Lear-Siegler,  Inc.,  the  maximum  safe 
force  which  could  be  applied  to  the  three-axis  controller  is  as  follows: 


(1)  Fitch  Axis . 80  pounds  of  force 

(2)  Roll  Axis . 80  pounds  of  force 

(3)  Yaw  Axis . 22  pounds  of  twisting  force 
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The  utility  of  the  force  controller  is  derived  froa  the  fact  that 
the  control  Inputs  are  aade  primarily  through  the  use  of  the  vrlst  and 
hand.  Thus,  purposeful  control  Inputs  by  pilots  under  high  "g"  loadings 
would  not  require  the  movement  of  the  am,  as  in  the  case  of  a  displace¬ 
ment  type  of  control.  The  separation  of  the  three  axes  is  achieved  normally 
by  utilizing  forces  applied  in  the  following  manner:  (a)  With  the  controll¬ 
er  mounted  as  shown  In  Figure  2,  a  pressure  froa  the  wrist  In  line  with  the 
longitudinal  axis  of  the  arm  will  result  In  an  output  in  the  pitch  axis, 

(b)  the  roll  axis  Is  nonially  engaged  by  pressure  applied  In  the  direction 
of  the  lateral  axis  of  the  arm,  (c)  the  yaw  axis  Is  normally  engaged  by  a 
twisting  pressure  applied  at  the  hwdgrlp.  Cross-cox:q>led  control  Is  poss¬ 
ible.  The  term  "normally"  is  used  here  because  the  usual  aircraft  direct¬ 
ion  of  motion  relationships  are  presently  employed  (forward  for  pitch  down, 
aft  for  pitch  iq?,  right  for  roll  right,  etc.)  The  force  relationships  and 
the  breakout  forces  for  each  of  the  throe  axes  are  approximately  the  same. 
The  output  function  of  the  controller  axis  Is  changeable  by  merely  alter¬ 
ing  the  output  connections. 

With  the  above  information  in  mind,  the  reader's  attention  is  now 
directed  to  the  variables  indicated  in  the  initial  portion  of  this  paper. 

Present  Location,  Vertical  Angle,  and  Azimuthal  Angle 

Unfortunately,  no  exact  specifications  concerning  the  appropriate 
location  or  azimuthal  angle  of  mounting  were  specified  for  this  controller. 
The  only  specification  that  was  made  concerning  the  recommended  mounting 
position  was  that  the  device  be  mounted  so  that  the  control  rod  was  at  a 
thirty  degree  angle  to  the  right  of  the  perpendicular.  In  the  Initial  study 
using  the  controller  (1 ) ,  a  location  and  azimuthal  angle  were  approKimated 
from  a  photograph  shown  In  the  Final  Report  of  the  Mark  IV  Program  {J) . 

This  photograph  is  shown  in  Figure  2.  The  location  emd  position  used  in 
the  initial  study  are  shown  in  Figure  3*  As  illustrated  in  Figure  2  cmd 
Figure  3,  the  location  and  azimuthal  angle  are  such  that  the  direction  of 
control  force  in  the  pitch  axis  is  in  line  with  the  longitudinal  axis  of 
the  vehicle  or  the  display  panel.  Roll  and  yaw  Inputs  are  made  in  the 
manner  described  earlier. 

Although  the  reasons  for  moxintlng  the  controller  in  this  fashion 
are  not  entirely  evident,  it  might  be  speculated  that  one  reason  for 
mounting  the  controller  as  shown  in  Figure  2  was  that  the  area  In  which 
the  control  Is  mounted  is  considered  to  be  an  optimum  work  area  as  defined 
by  Ely,  et.al.  (2).  In  view  with  this  supposition.  It  would  be  possible 
to  assume  that  the  thirty  degree  vertical  angle  and  the  azimuthal  angle 
of  the  controller  were  specified  for  anthropometric  emd  comfort  reasons. 


Figure  2.  Photograph  ehewlag  the  location  4 

Moontlng  of  the  three-axis  controller 
in  the  Maztc  IF  codipit.  She  vertical 
eagle  vae  q^cified  to  he  thirty  (30  ) 
degrees.  Location  vae  not  specified. 
from.  Lear  Report  . 


5 


CONT^LLBI^  location  UjBp  IN  INITIAL  ^TUOy 

FIOURE  5 
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With  the  location  of  the  controller  as  shown  in  Figure  2,  it  is 
almost  physically  Impcsslhle,  without  moving  the  hody  and  the  arm.  to 
have  the  azimuthal  angle  such  that  the  direction  of  force  applied  to 
the  control  for  pitch  and  roll  Inputs  would  he  in  the  same  plane  of 
reference  as  the  display  and/or  the  longitudinal  axis  of  the  vehicle. 

This  impossihility  is  due  to  the  limited  mohility  of  the  wrist  when  the 
palm-down  handgrip  is  utilized.  By  arranging  the  controller  so  that  its 
roll  axis  is  perpendicular  to  the  longitudinal  axis  of  the  forearm,  the 
best  utilization  of  the  limited  wrist  movement  can  be  achieved.  Through 
this  arrwgement  the  operator  has  some  cue  as  to  the  direction  of  move¬ 
ment  for  pure  inputs  to  each  axis.  A  wrist  rqp-dovn  movement  is  pitch, 
the  rolling  of  the  forearm  is  roll  and  twisltng  the  wrist  left  and  right 
is  yaw.  In  this  Instance  the  alignment  of  the  controller  with  the  axis 
of  the  forearm  is  especially  Important  in  order  to  salvage  any  cue  in¬ 
formation,  where  there  exists  a  lack  of  congruency  between  the  movement 
of  the  controller  and  the  displays. 

The  thirty-degree  vertical  angle  was  probably  specified  because  the 
arm  and  hand  are  in  a  more  natural  position  at  this  angle  in  the  location 
used. 


In  the  initial  study  with  the  three-axis  controller  (1),  it  was 
unknown  whether  the  location,  and  azimuthal  angle  were  actually  "good" 
approximations  of  the  intended  location  and  azimuthal  angle  was  presented 
in  the  original  Mark  IV  design.  As  the  study  progressed,  it  became  more 
and  more  apparent  that  several  factors  were  operating  in  the  experimental 
situation  which  wotild  require  further  examination. 

Inadvertent  stick  outputs  were  occurring,  i.e.,  outputs  were 
occurring  in  axes  where  there  should  exist  no  control  action.  Since  in¬ 
advertent  outputs  are  actually  errors,  it  would  follow  that  performance 
was  not  optimum.  An  example  of  cross-coupling  occurred  in  the  yaw  axis. 
Theoretically,  there  should  have  been  no  output  in  the  yaw  axis  since  the 
axis  was  never  displayed.  In  addition,  during  the  briefing  pertaining  to 
the  proper  use  of  the  controller,  the  subjects  were  requested  not  to  use 
the  yaw  axis.  However,  inspection  of  the  oscillographic  data  containing 
yaw  output  indicated  that  inadvertent  yaw  outputs  did  occur  quite  frequent¬ 
ly  €Uid  in  a  number  of  instances  were  quite  large.  The  same  was  true  of 
roll  outputs  when  only  pitch  output  was  displayed.  Although  the  oscillo¬ 
graphic  data  was  not  statistically  analyzed,  it  is  thought  that  the  amount 
and  frequency  of  inadvertent  cross-coupling  could  not  be  discounted. 
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Examination  of  the  possible  causes  of  Inadvertent  outputs  have 
yielded  two  possible  categories  of  factors.  One  of  these  is  a  mechanical 
one  while  the  other  concerns  the  physical  location,  position,  and  mode  of 
using  the  controller. 

Due  to  the  mechanics  of  the  three-axis  controller,  it  is  thought 
that  the  bending  of  the  control  rod  and  the  warping  of  the  ceramic  crystal 
could  conceivably  cause  the  user  to  inadvertently  cross-couple  into  an¬ 
other  axis.  This  type  of  cross-coupling,  if  it  was  occurring,  could 
possibly  be  corrected  by  redesign  of  certain  parts  of  the  controller. 

Hie  view  taken  in  this  paper  is  that  location,  vertical  wgle,  and 
handgrip  variables  interacted  to  produce  these  outputs.  The  explanation 
was  suggested  during  the  initial  investigation  of  the  S^axls  controller 
and  supported  by  the  verbal  comments  of  the  subjects  who  participated  in 
that  study.  Further,  this  explanation  is  supported  to  some  extent  by 
the  existing  literature  (2>§)  and  analytical  examination  of  the  present 
mounting  of  the  controller."” 

In  order  to  gather  as  much  information  as  possible  about  the  effects 
of  physical  mounting  variables  xqion  performance,  three  approaches  to  the 
problem  were  used.  First,  the  present  mounting  of  the  controller  was 
analytically  examined  for  possible  causes  of  performance  detriment.  Sec¬ 
ondly,  the  literature  concerning  performance  as  a  function  location, 
azimuthal  angle,  vertical  angle,  and  handgrip  variables  was  reviewed. 
Lastly,  the  writer  contacted  the  Anthropology  Section,  Human  Engineering  * 
Branch,  Behavioral  Sciences  Laboratory  and  requested  their  assistance. 

Their  task  war  to  suggest  the  optimum  location  and  position  for  the 
three-axis  controller  in  the  Mark  IV  cockpit.  The  seating  and  cockpit 
dimensions  were  explained.  No  restrictions  were  made  as  to  where  the 
controller  should  be  located  or  how  it  would  be  mounted.  Hiey  were  re¬ 
quested  not  to  change  the  controller  but  merely  to  locate  it  in  an 
optimem  location.  Here  the  use  of  the  word  "optimum"  refers  to  the 
comfort  and  the  usage.  Finally,  they  were  requested  to  reference  or  state 
the  reasons  for  their  recommendations.  These  reconnendations  will  be 
discussed  later  in  this  paper. 

Location  and  Azimuthal  Angle 

Defined  earlier,  location  refers  to  the  physical  location  of  the 
force  controller  in  the  Mark  IV  cockpit.  Azimuthal  Angle  refers  to  the 
horizontal  positioning  of  the  controller  in  a  given  location.  Azimuthal 


Angle  Is  measured  from  a  line  paralleled  to  the  display  panel  extending 
horizontally  through  the  center  of  the  location  of  the  controller.  Chang¬ 
ing  the  azimuthal  angle  of  moutning  will  change  the  direction  of  control 
forces  required  to  achieve  an  output  in  the  pitch  and  roll  axes.  For  the 
purposes  of  this  paper.  It  is  thought  that  a  further  discussion  of  azimuthal 
angle  will  not  he  necessary  due  to  the  dependent  relationship  between 
azimuthal  angle  and  location.  Moreover,  in  further  discussing  the  variable 
of  location,  this  dependent  relationship  will  be  assumed. 

In  a  previous  section  of  this  paper.  It  was  stated  that,  with  the 
three-axis  controller,  the  direction  of  force  presently  required  to  make 
a  control  output  In  the  pitch  axis  Is  not  In  line  with  either  the  display 
or  the  longitudinal  axis  of  the  vehicle.  In  the  Mark  IV,  the  longitudinal 
axis  of  the  vehicle  Is  represented  by  the  longitudinal  axis  of  the  cockpit. 
Although  the  control  motions,  relative  to  each  other,  are  the  same  as  those 
used  in  present  aircraft  controls,  forward  for  pitch  down,  right  for  roll 
right,  etc.,  the  orientation  of  these  control  motions  is  different.  In 
the  usual  aircraft  situation,  pitch  control  Is  In  line  with  the  longitudinal 
axis  of  the  vehicle  and  roll  is  in  line  with  the  lateral  axis  of  the  vehicle. 
However,  in  the  Mark  IV,  pitch  control  is  in  line  with  the  forearm  which  Is 
aligned  at  an  oblique  angle  to  the  longitudinal  axis  of  the  aircraft.  Due 
to  the  thirty  degree  vertical  angle  auid  the  location  of  the  controller,  roll 
axis  control  Is  aligned  with  the  lateral  plane  of  the  hand  but  oblique  to 
the  lateral  axis  of  the  cockpit.  How  this  arrangement  of  the  pitch  and 
roll  axes  affects  the  control -display  relationships  with  which  pilots  are 
familiar.  Is  not  known.  However,  interpreted  in  terms  of  the  existing 
literature,  it  would  appear  that  the  Mark  IV  control -display  relationship 
may  not  be  optimum  In  terms  of  performace.  Examination  of  Lear  Engineering 
Reports  did  not  reveal  any  infoniatlon  concerning  the  affects  of  location 
and  mounting  variables  upon  performance  with  controls.  Therefore,  other 
sources  of  information  concemlzig  these  variables  were  examined. 

In  a  very  excellent  review  of  studies  of  control -display  relation¬ 
ships,  Narva  (£)  states,  "The  following  statements  may  be  advanced  as 
being  the  ruler  rather  than  the  exception;  (l)  Subjects  bring  with  them 
Into  the  experimental  situation  certain  response  preferences,  expectations, 
or  'stereotypes'  which  make  them  expect  movement  of  the  display  element  In 
a  certain  relationship  to  movement  of  the  control,  (2)  These  response 
tendencies  are  due  to  the  prior  perceptual -motor  experience  of  the  subjects, 
(3)  ®ie  expectation  that  a  certain  display-control  relationship  will  hold 
Is  more  apt  to  manifest  Itself  In  differential  performance  when  the  control 
and  the  display  element  move  In  the  same  plane,  (k)  Performance  generally 
is  facilitated  when  there  Is  congruency  both  In  plane  and  In  direction  of 
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the  movement  of  the  display  element  and  the  control,  (3)  Performance  may 
not  he  influenced  hy  the  variation  in  display-control  relationship  if  the 
task  is  not  too  difficult  €Uid  the  stOaJect  can  readily  adopt  the  'set*  re- 
guired  hy  the  experimental  situation,  (6)  As  the  difflcnlty  of  the  task 
is  Increased,  the  subject  is  more  apt  to  deteriorate  in  his  performance 
level  as  a  function  of  the  use  of  a  control -display  relationship  which  is 
not  in  keeping  with  his  natwal  response  tendencies." 

There  is  a  great  deal  of  stqpport  for  these  principles  of  control- 
display  relationships  in  the  literature.  In  a  review  of  several  studies, 
Ely  et.al.  (^)  states,  "The  direction  of  movement  of  the  control  should 
he  consistent  with  that  of  the  controlled  object  of  display."  In  another 
review  of  control -display  relationships,  Ely,  et.al.  (2)  states,  "Direct 
movement  relationships  should  he  used  whenever  possible,  partlcnlarly 
when  they  result  in  vehicle  movement.  Thus,  a  movement  of  the  control  to 
the  right  should  result  ia  a  movement  to  the  right....,  "right  turn  or 
right  hank  of  the  vehicle."  Humphries  (^),  in  reviewing  other  studies 
of  control-display  relationships,  echoes  much  the  same  statement.  He 
states,  "The  movement  of  the  control  should  he  in  the  same  plane  and  in 
the  same  direction  as  the  resulting  display  movement  in  order  to  obtain 
the  highest  performance  level  emd  the  fastest  learning." 

One  study  which  is  directly  relevant  to  the  present  variables  is 
a  study  reported  hy  Humphries  (^)  in  I958  and  abstracted  hy  Narva  (£) . 

The  purpose  of  the  study  was  to  Investigate  the  affect  of  control-display 
movement  relationships,  position  of  the  operator  relative  to  the  control, 
and  the  pleuie  of  movement  of  the  control  on  performance  on  the  Toronto 
Complex  Coordinator.  This  device  consisted  of  a  display  panel  which 
contained  8l  light  assemblies,  each  of  which  was  a  green  light  surrounded 
hy  a  red  light.  The  task  of  the  subject  was  to  match  the  location  of  a 
red  light  with  a  green  light.  An  aircraft-type  control  stick  was  used 
hy  the  subject  to  move  the  green  light.  The  control  was  tested  in  both 
the  vertical  and  horizontal  pleme  of  movement.  The  hypothesis  was: 
"performance  would  be  improved  if  the  relationship  of  the  control  and 
display  were  congruent  in  both  the  vertical  and  horizontal  axes  of  move¬ 
ment.  In  the  horizontal  axes  of  movement,  congruency  was  possible  between 
the  display  and  the  control  movement  in  the  horizontal  direction.  However, 
only  partial  consistency  of  control  and  display  movement  was  possible  in 
the  vertical,  direction.  It  was  concluded  that  perfomance  was  not  signi¬ 
ficantly  affected  by  the  orientation  of  the  control. 
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Pour  different  control -display  movement  relationships  were  formed 
by  changing  the  relationship  in  both  the  vertical  and  horizontal  axes  of 
movement.  "In  the  condition  where  the  operator  directly  faced  the  control 
and  the  display  significant  difference  was  observed  when  display-control 
movement  relationships  were  reversed  while  maintaining  the  same  axes  of 
control  movement.  In  the  vertical  plane  of  movement,  performance  was 
8TQ>erlor  when  the  control  moved  up  to  move  the  display  element  up  and 
moved  right  to  move  the  display  element  right.  In  the  horizontal  plane 
of  movement,  this  superior  sensing  condition  becomes  forwards-for-up  and 
right-for-rlght.  Additionally,  there  was  an  Interaction  between  the 
orientation  of  the  operator  relative  to  the  control  and  the  control  set¬ 
tings.  However,  for  the  superior  or  more  'natural'  display-control 
movement  relationship,  performance  was  best  when  the  operator  faced  the 
display.* (8) 

Actually,  the  resxilts  of  the  study  by  Humphries  (^)  do  not  tell  us 
very  much  about  what  happens  to  performance  when  the  direction  of  motion 
for  a  horizontally  mounted  control  is  oblique  to  the  direction  of  motion 
of  the  display.  However,  the  results  do  lend  some  support  to  the  argument 
that  perfozmance  generally  is  facilitated  when  there  is  congruency  both  in 
plane  and  in  direction  of  the  movement  of  the  display  element  and  the 
control".  (8) 

There  are  raceptlons  to  the  principle  of  congruency  of  control  and 
display  movement.  Among  the  most  notable  of  these  exceptions  occurs  in 
aircraft.  The  control  of  pitch,  for  example,  requires  a  forward  or  rear¬ 
ward  movement  of  the  control  rather  than  an  up  or  down  movement.  However, 
this  is  more  of  a  learned  response  because  the  use  of  a  floor-mounted 
control  stick  negates  the  use  of  fully  congruent  control -display  relation¬ 
ships.  It  should  be  noted  that  nozmal  pitch  control  movements  are  perpen¬ 
dicular  to,  and  in  line  with,  the  longitudinal  axis  of  the  aircraft. 

Normal  roll  control  movements  are  made  by  moving  the  control  left  or  right 
in  a  line  perpendicular  to  the  pitch  axis  and  in  line  with  the  lateral 
plane  of  the  vehicle.  This  separation  of  the  pitch  and  roll  axes  is 
achieved  in  the  Mark  IV  three-axis  controller  but  the  movement  relation¬ 
ship  of  the  control  axis  and  the  vehicle  axis  is  not  achieved  because  of 
the  oblique  position  of  the  controller. 

Handgrip 

Ihe  palm-down  shaped  handgrip  used  on  the  Hark  IV  force  controller 
is  a  very  unique  type  of  handgrip.  The  use  of  this  type  of  handgrip,  in 
comglnation  with  the  location  presently  employed  in  mounting  the  force 


controller  In  the  Mark  IV  cockpit,  requires  that  the  vertical  angle  of  the 
controller  he  tilted  thirty  degrees  from  the  vertical  6o  that  a  more  natural 
position  of  the  forearm  Is  achieved.  It  Ia  because  of  this  relationship 
between  the  palm-down  handgrip,  the  location  and  the  vertical  angle,  that 
the  control-display  direction  of  motion  relationships  of  the  controller 
are  questionable  In  terms  of  performance. 

The  Inclusion  of  handgrip  as  a  variable  was  done  for  several  reasons. 
First,  the  effects  tq^on  performance  of  using  a  palm-down  grip  as  opposed 
to  using  an  upright  or  pistol-grip  type  of  handgrip  are  not  known.  Most 
control  stocks.  Including  slde-stlck  controls,  for  the  aerodynamic  control 
of  aircraft,  utilize  the  i^rlght  type  of  hand^ip,  either  in  the  form  of 
a  'pencil 'grip  or  a  'pistol'  grip.  Control  yokes,  which  require  the  use  of 
two  hands,  utilize  the  same  principle. .  .the  hands  are  in  an  iq)ri£dit  position 
with  the  palms  of  the  hands  turned  Inward.  This  position  is  selected 
primarily  because  it  is  confortable,  allows  maximum  use  of  the  strength 
of  the  individual,  and  is  the  condition  that  pilots  are  most  familiar  with. 
In  the  case  of  side  stick  controllers,  the  palm-in  position  allows  freedom 
of  movement  of  the  wrist  and  hand  so  that  less  total  arm  movement  is  re¬ 
quired.  Since  the  effects  of  the  use  of  a  palm-down  handgrip  are  not 
known,  it  is  thought  that  the  collection  of  data  concerning  this  type  of 
heuadgrlp  in  comparison  to  an  upright  or  other  type  of  handgrip  would  be  of 
value. 


Secondly,  it  is  suspected,  on  the  basis  of  analytical  examination 
of  the  controller  location  and  mounting  utilized  in  a  previous  study  with 
the  controller  (l)  that  the  palm-down  handgrip  may  result  in  more  cross- 
coupling  Inputs  than  would  be  present  with  an  upright  handgrip.  In  the 
first  study,  yaw  outputs,  which  were  Inadvertent  inputs,  were  achieved  by 
a  twisting  motion  of  the  handgrip  about  the  center  post  of  the  controller. 
The  application  of  a  twisting  force  is  a  relatively  simple  motion  with  a 
pedffl-down  type  of  grip  because  of  the  leverage  that  exists  with  this  type 
of  grip.  For  example,  by  applying  a  pushing  pressure  with  the  heel  of  the 
hand  toward  the  display  panel  and  a  pulling  pressure  away  from  the  displeiy 
pemel  with  the  index  fingers  and  thumb,  a  yaw  output  is  achieved  which 
requires  very  little  strength.  Yaw  output  might  also  be  achieved  by 
applying  pressure  to  only  one  side  of  the  palm-down  handgrip  thereby  allow¬ 
ing  the  handgrip  to  pivot  around  the  control  post.  Ihe  application  of 
torque  to  the  upright  grip  (pistol  grip),  however,  depends  more  upon 
strength  than  upon  leverage.  In  this  case,  the  full  hand  must  clasp  the 
grip  and  the  twisting  force  must  be  applied  uniformly  by  the  entire  hand. 

In  making  an  analytical  comparison  of  the  two  types  of  handgrips  (palm-down 
versus  upright),  it  would  appear  that  if  outputs  in  the  yaw  axis  are  more 
difficult  to  achieve  with  the  upright  grip,  then  the  probability  of  cross- 
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coupled  outputs  occurring  In  the  yaw  axis  is  reduced. 

Thirdly,  the  reccamendatlons  made  by  Mr.  K.  Kennedy,  Anthropology 
Section,  Human  Engineering  Branch,  Behavioral  Science  Laboratory,  con¬ 
cerning  location  and  moutning  of  the  force  controller  in  the  Mark  IV 
cockpit,  suggest  that  an  upright  type  of  handgrip  be  utilized.  (6)  For 
the  readers  information,  a  copy  of  Mr.  Kennedy's  recommendations"! s 
attached  to  this  report.  Very  briefly,  it  was  recommended  that  the  three- 
axis  controller  be  relocated  to  the  right  side  of  the  operator  so  that 
the  forearm  and  direction  of  force  for  pitch  control  are  in  line  with  the 
longitudinal  axis  of  the  cockpit.  This  location  places  the  force  contro¬ 
ller  in  essentially  the  same  location  as  conventional  side-stick  controll¬ 
ers.  With  respect  to  mounting  the  force  controller  in  this  location, 

Kennedy  explains  ,  ”The  orientation  of  the  controller  itself  at  the 
recommended  location  is  such  that  manipulation  coincides  with  the  movement 
of  the  craft.  Insofaras  absolute  comfort  is  concerned  the  grip  should  be 
grasped  with  the  forearm  rotated  to  a  point  where  the  hand-grip  axis  is 
parallel  to  the  long  axis  of  the  upper  arm  (about  thirty  degrees  to  the 
left).  Such  orientation,  horever,  would  not  coincide  with  the  fore-aft 
vertical  axis  of  the  craft.  I  recommend,  then,  that  comfort  be  compromised 
slightly  and  that  the  three-axis  be  oriented  nearly  parallel  to  the  vertical 
(z)  axis  of  the  craft. 

The  y-axis  "(Lateral  axis)"  of  the  controller,  however,  is  depressed 
such  that  forward  of  the  axis  point  it  is  depressed  nine  degrees,  and  to 
the  rear  of  the  axis  point  it  is  elevated  nine  degrees.  This  is  recommend¬ 
ed  to  accomodate  to  the  normal  grip  axis  of  the  hand,  which  is  not  perpend¬ 
icular  to  the  axis  of  the  forearm,  but  depressed  by  this  amoxmt  toward  the 
under  side  of  the  forewarm. 

In  short  -  the  orthogonal  planes  of  the  controller  remain  intact, 
except  that  the  system  is  rotated  nine  degrees,  top  forward.  This  depresses 
the  forward  aspect  of  the  x-y  plane  "(lateral -longitudinal)"  elevating 
its  rearward  aspect.  The  x-z  plane  "(lateral  vertical)"  is  rotated  nine 
degrees  forward  along  the  x-axis.  The  y-z  plane  (Longitudinal -vertical) 
remains  vertical,  although  rotated  forward  along  the  z-axls." 

Figures  k  and  3  show  the  recommended  mounting  position  of  the  contr¬ 
oller.  In  translating  the  remarks  of  Kennedy  into  practical  terms,  he  has 
recommended  that  an  upright  handgrip  be  utilized.  In  fact,  by  using  an 
upright  handgrip,  the  same  end  result  may  be  accomplished  without  rotating 
the  controller  on  its  side  as  shown  in  Figure 


^commended  5-AKI^  FO/iCF  cmeoi  lOCATfOM 

FWliE  4- 


14 


9 


W£V9  Fonmno  \  ^okfacb 

Fioune  S 


15 


Finally,  the  variable  of  handgrips  ehoold.  be  eon8id.ered  because  it 
is  mentioned  as  being  an  aspect  of  the  three-axis  force  controller  vlth 
which  users  of  the  controller  are  least  satisfied.  This  statement  was 
supported  by  comments  siade  in  the  initial  controller  study  (l)  and  per 
personal  coomunl cation  with  the  designer  of  the  controller.  Mr.  R.  Lukso, 
Lear-Slegler,  Inc.  (4)  stated  that  the  handgrip  originally 
not  receiving  favorable  reaction;  in  fact^  they  (Lear-Siegler,  Inc.)  were 
considering  delivery  of  future  controllers  without  the  handgrip.  Soever, 
Lear  has  designed  a  new  handgrip  which  they  would  like  to  evaluate. 

Scnmnary 

An  exami 'nation  of  the  variables  of  location,  vertical  Euogle,  and 
handgrip  indicate  that  there  is  excellent  Justification  for  an  experi¬ 
mental  investigation  of  the  effects  of  each  upon  perfonaance  using  the 
three-axis  force  controller.  There  is  relatively  little  information  at 
present  concerning  the  effects  upon  performance  of  any  of  these  variables., 
let  alone  their  possible  interaction  effects. 

Re  comnendatl ons 


In  view  of  the  foregoing  comnents,  and  in  an  effort  to  obtain 
basic  information  about  these  variables,  it  is  recommended  that  any 
experimental  investigation  should  concern  Itself  with  different  levels  of 
all  three  variables  in  all  possible  combinations.  It  is  thought  that  such  I 
a  study  would  yield  a  maxlmam  amount  of  basic  information  concerning  general 
principles  of  location,  vertical  angle,  and  handgrip  variables,  and  would 
also  furnish  specific  evidence  concerning  where  the  present  three-axis 
controller  should  be  located  and  how  it  should  be  mounted.  The  levels  of 
each  of  the  variables  recommended  for  experimental  investigation  are  in¬ 
dicated  below. 

Location 


It  is  recommended  that  three  different  locations  be  studied.  One 
location  should  be  one  which  closely  approximates  the  location  recommended 
in  the  Final  Report  of  the  Mark  IV  Program  (7)«  The  second  location  should 
be  the  one  recommended  by  Kennedy  (6).  The  third  location  should  be  one 
which  is  approximately  half  way  between  the  other  two  locations.  For  all 
three  locations,  it  is  recommended  that  the  azimuthal  angle  agree  with  each 
location  so  that  the  hand  is  always  in  line  with  the  longitudinal  axis  of 
the  forearm. 
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Vertical  Angle 


An  examination  of  tbe  vertical  angle ^  location^  and  palm-dovn 
handgrip  as  these  variables  presently  exist  in  the  Mark  IV  cockpit, 
reveals  that  the  vertical  ctngle  may  be  reduced  by  moving  the  location 
of  the  controller  more  toward  the  right  side  of  the  cockpit  in  line  with 
the  shoulder  of  the  seated  individual  and  the  longitudinal  axis  of  the 
cockpit.  Thus,  since  three  different  locations  were  recommended  for 
study,  it  will  be  necessary  to  utilise  three  different  vertical  angles, 
each  of  which  will  agree  with  one  location.  The  three  recommended  vert¬ 
ical  singles  are  thirty  degrees,  fifteen  degrees,  and  zero  degrees* 

Heuidgrips 

Up  to  now,  the  discussion  of  handgrip  as  a  variable  has  centered 
about  palm-down  versus  tgprlght  (pencil  and  pistol  grip)  types  of  hand¬ 
grips.  However,  in  utilizing  both  of  these  types  of  hand^prlps,  cotigruency 
of  display-control  movement  relationships  is  still  not  achieved.  That  is, 
rather  than  an  up-for-up,  rlght-for-rlght  movement  of  the  control,  the 
control -display  movement  relationship.  Thus,  only  partial  congruency  of 
display  control  direction  of  motion  relationships  is  achieved. 

It  is  thought  that  because  so  very  much  information  is  needed  con¬ 
cerning  control -display  relationships  with  the  force  controller,  it  would 
be  desirable  to  investigate  the  effects  of  location,  vertical  angle  and 
handgrip  variables  under  conditions  of  full  congruency  between  control- 
display  direction  of  motion  relationships.  One  method  of  achieving  fully 
congruent  relationships  would  be  to  mount  the  controller  horizontally 
beneath  the  armrest  in  the  Mark  IV  cockpit,  euid  use  a  flat  planar  type  of 
handgrip  upon  which  the  hand  would  be  rested.  By  placing  the  hand  over  the 
flat  surface  in  a  palm-down  fashion  and  grasping  the  edge  of  the  flat  sur¬ 
face,  the  control  may  be  moved  up  for  pitch  up,  and  down  for  pitch  down. 

Roll  maneuvers  are  performed  by  tilting  the  hand  either  to  the  left  or  to 
the  right  depending  upon  the  desired  aircraft  roll  direction.  Yaw  maneuvers 
are  performed  by  side  to  side  movement  of  the  hand  in  the  desired  yaw  direct- 
tion.  Thus,  full  consistency  of  control -display  motion  is  achieved.  The 
changes  in  the  wiring  connections  that  are  required  are  that  the  normal  roll 
axis  of  the  controller  be  connected  for  yaw  output  and  the  normal  yaw  axis 
be  connected  for  roll  output.  The  pitch  axis  would  not  be  changed*  In 
recommending  the  investigation  of  ftilly  congzuent  direction  of  motion 
relationships,  it  is  thought  that  in  addition  to  giving  consistency  of 
control -display  direction  of  motion  relationships,  the  flat  planar  surface 
handgrip,  will  furnish  the  subject  with  additional  cues  about  the  proper 
direction  of  control  forces. 
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It  Is  recommended  that  three  different  handgrips  be  Investigated. 
These  are  as  follows:  (1)  the  present  three-axis  controller  handgrip, 

(2)  an  upright  type  of  handgrip—either  pencil  grip  or  pistol  grip  and^ 

(3)  the  flat  planar  surface  handgrip  described  above.  The  use  of  the 
three  handgrips,  in  combination  with  all  possible  combinations  of  locat¬ 
ions  and  vertical  angles,  should  furnish  Information  concerning: 

1.  Palm -down  versus  upright  versus  flat  planar  surface  handgrips. 

2.  Partial  congruency  versus  full  congruency  of  control -display 
direction  of  motion  relationships. 

3*  The  effects  of  location  and  vertical  angle  jjpon  perfoxmance 
with  the  three  types  of  handgrips. 

U.  The  optimum  location  and  verticgil  angle  for  the  three-axis 
controller  using  the  present  palm-down  handgrip. 

Finally,  Investigation  of  the  three  locations,  three  vertical 
angles,  and  three  handgrips  in  all  possible  combinations  should  furnish 
Information  which  will  lead  to  the  statement  of  principles  concerning 
these  variables. 
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Kennedy,  K.  Personal  Conmmnication  (letter  Recommendations  for  Location 
and  Mounting  of  Mark  IV  Three-Axis  Controller,  Anthropometry 
Section,  Homan  Engineering  Branch,  Aero  Medical  Laboratory, 
Wright-Patterson  Air  Force  Base,  Ohio,  February  1963- 

In  accordance  with  recommended  procedures  in  the  layout  of  controls, 
the  proposed  location  and  orientation  of  the  shaped,  fixed  side-arm  contro¬ 
ller  under  test  is  recoonnended  to  conform,  when  in  use,  to  the  orientation 
of  the  operator,  the  craft  and  to  the  display  panel. 

By  placing  this  controller  12-1/2  inches  to  the  right  of  the  center- 
line,  the  axis  of  the  operator’s  forearm,  in  most  cases,  may  be  maintained 
parallel  to  the  longitudinal  axis  of  the  craft,  parallel  to  the  direction 
of  travel  and  perpendicular  to  the  base  of  the  display  panel.  Locating  it 
11  inches  forward  of  the  rear  edge  of  the  forearm-rest  will  permit  easy 
access  by  all  operators  and  the  use  of  the  musculature  of  the  forearm  as 
a  pivot  for  manipulation  (much  as  in  writing). 

The  orientation  of  the  controller  itself  at  the  recommended  location 
is  such  that  manipulation  coincides  with  the  movement  of  the  craft.  Inso¬ 
far  as  absolute  comfort  is  concerned  the  grip  should  be  grasped  with  the 
forearm  rotated  to  a  point  where  the  handgrip  axis  is  parallel  to  the  long 
axis  of  the  upper  arm  (about  30  degrees  to  the  left)*  Such  orientation, 
however,  would  not  coincide  with  the  fore-aft  vertical  axis  of  the  craft. 

I  recommend,  then,  that  comfort  be  coapx*omised  slightly  and  that  the  z- 
axis  of  the  controller  be  oriented  nearly  parallel  to  the  vertical  (z) 
axis  of  the  craft. 

The  y  axis  of  the  controller,  however,  is  depressed  such  that  forward 
of  the  axis  point  it  is  depressed  nine  degrees,  and  to  the  rear  of  the  axis 
point  it  is  elevated  nine  degrees.  This  is  recommended  to  accommodate  to 
the  normal  grip  axis  of  the  hand,  which  is  not  perpendicular  to  the  axis  of 
the  forearm,  but  depressed  by  this  amount  toward  the  ulnar  side  of  the  fore¬ 
arm. 


In  short- -the  orthogonal  planes  of  the  controller  i^emain  Intact, 
except  that  the  system  is  rotated  nine  degrees,  top  forward.  This  depresses 
the  forward  aspect  of  the  x-y  plane,  elevating  its  rearward  aspect.  The 
x-z  plane  is  rotated  nine  degrees  forward  along  the  x  axis.  The  y-z  plane 
remains  vertical,  although  rotated  forward  along  the  x-axis. 
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Varying  the  shape  of  a  handgrip  need  not  reqtiire  a  change  in  position 
ur  orientation  of  the  hand-azm  system.  Basic  relationships  hetveen  bard 
and  arm  must  be  maintained  within  ranges  wherein  cosifort  emd  performance 
arc  known  to  be  high.  The  controller  position  described  above  permits 
orientation  of  the  forearm  with  the  long  axis  of  the  craft  and,  of  course, 
the  direction  of  travel.  The  wrist  Is  maintained  at  the  midpoint  of  total 
mobility.  Since  the  x>z  and  x-y  planes  of  the  controller  are  varied  from 
the  vertical  and  horizontal  to  accomodate  natural  handgrip  axis,  this 
orientation  of  the  grip  will  likely  appear  to  the  operator  to  be  maintained. 
Biomechanical  capabilities  In  terns  of  strength  and  control  over  fine  ad¬ 
justments  should  not  be  effected. 
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